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Information Request NEDGC-2-4 
 

Provide complete and detailed documentation regarding the incorporation of DG into the 
distribution system planning process, including inter alia, any studies, internal 
memoranda or financial modeling that references actual or potential incorporation of DG 
into (1) the distribution planning process or (2) demand side management programs. 

  
Response 

 
As indicated in the response to Information Request DOER-1-4, distributed generation 
generally does not defer significant investment in distribution facilities for those 
distributed generation customers that desire firm, standby service.  The presence of 
distributed generation on the Company’s system is not currently widespread, with no 
known locations where more than one DG customer is served by the same distribution 
circuit.  As a result, there is no diversity factor that can be applied to any portion of the 
Company’s distribution system that would allow the Company to incorporate changes in 
the otherwise applicable distribution system planning process.  In the future, it is 
possible that multiple DG customers served by the same circuit may provide sufficient 
diversity among their standby load requirements to allow the Company to incorporate 
the presence of such multiple DGs in the Company’s transmission/distribution system 
planning process.  Please see the response to Information Request AG-1-10, Attachment 
AG-1-10, page 8, which discusses the role of customer load-reduction programs on the 
planning process.  For example, NSTAR Electric has considered several options for the 
installation of fuel cell DG technology in its service territory to gain experience and 
knowledge about this technology.  NSTAR Electric is interested in promoting the use 
and further development of economical DG technologies, such as fuel cells, so that in 
time, the cost and improved design will allow this technology to provide mechanisms to 
address transmission line congestion and substation loading, directly benefiting the 
Company and its customers.  See 2002 Fuel Cell Proposal, Attachment NEDGC-2-4. 



          NEDGC-2-4 Att. 
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4. Executive Summary 
 
Fuel cells have been in use commercially for over a decade, delivering extremely reliable, efficient, high-quality 
power to support electrical needs and occasionally to provide supplementary heating.  They produce near zero 
emissions, operate off of city-pressure natural gas, and have the capability to reduce energy costs by 
offsetting facility heating load.  Their operation is both safe and quiet, allowing for flexibility of location. 
 
Several installations around the world have resulted in substantial benefits to the customer.  Four fuel cells, 
with unit availabilities in excess of 99.9%, serve as Omaha Nebraska First National Bank’s primary source of 
power for the data center and also provide energy for space heating.  The Durst Organization installed two fuel 
cells at the Condé Nast Building in New York City to provide 400 kW of supplemental electricity.  New York 
City’s Central Park Police Station saved more than $1 million in line upgrades and prevented marring the 
appearance of the park by installing a 200 kW fuel cell; it is now completely disconnected from the electric 
grid.  Lastly, five fuel cells connected in parallel are the primary source of power for the Anchorage Mail 
Processing Center, allowing normal operations to continue seamlessly during grid outages. 
 
NSTAR would like to gain experience and knowledge in this technology for several purposes.  First, as the 
energy demand of consumers increases and the cost of fuel cells decreases, many commercial and/or industrial 
customers may opt to rely on electricity generated from non-conventional resources.  NSTAR would like to 
work with its customers to provide premium power for sensitive electrical loads whenever requested.  Second, 
NSTAR would like to promote the use and further development of fuel cells so that in time, the cost and 
improved design will allow this technology to provide solutions to transmission line congestion and 
substation loading, directly benefiting the company and indirectly, the customers served by the company.  In 
addition, NSTAR recognizes the importance of “green power” to the environment, and would like to play an 
important part in the development and promotion of alternative generation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The five 200 kW units shown above supply the Anchorage Alaska Mail 
Processing Center for a total of 1 MW. 
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5. Proposed Options 
 
There are three main types of fuel cells currently in use that are capable of producing 200 kW or more: molten 
carbonate (MCFC), phosphoric acid (PAFC), and proton exchange membrane (PEM).   The 250 kW PEM 
manufactured by Ballard Power Systems is not yet commercially available; therefore, this proposal will be 
limited to the discussion of MCFC and PAFC applications. 
 
Both types of fuel cells operate at high temperatures; the PAFC at 300 - 430ºF and the MCFC at 1112 - 1470ºF.  
The 200 kW PAFC unit produced by International Fuel Cells has the advantage of responding faster to 
varying demands in power; though both units can only be realistically used as base loaded units.  The 250 kW 
MCFC unit produced by Fuel Cell Energy has the advantage of recovering more heat for customer hot water or 
heating requirements.  The most efficient way to use either of the fuel cells is at the source of the load for 
supplemental energy AND supplemental hot water or heat. 
 
 
4. Option 1 – Installation of a 200-250 kW Fuel Cell at an NSTAR Facility 
 
NSTAR would like to propose installation of a 200-250 kW fuel cell at one of its own facilities, most likely the 
Summit building at One NSTAR Way, Westwood.    
 

Technical Justification and Approach 
 
There are several reasons why this facility is proposed.  NSTAR personnel will have 24 hour access 
to the fuel cell for performance monitoring and to perform maintenance and repairs if needed.  It also 
will provide some relief to very heavily loaded circuits (470-H9 and 344-1412H1) by supplementing the 
existing power supply.  Adequate space and a natural gas supply are available, and the efficiency of 
the fuel cell can be enhanced by recovering the produced heat to offset the facility’s heating and/or 
hot water demands.   Due to NSTAR’s lack of experience with this technology, it makes some sense 
to conduct a pilot program at its own site to gain needed knowledge without the risk of 
inconveniencing customers. 

 
Task Description 

 
The following descriptions provide a detailed listing of the tasks required for the installation of a fuel 
cell at either the Summit or a site within NSTAR Electric & Gas service territory. 
 
Task 1:  Selection of the fuel cell 
There are two companies that have fuel cells available for purchase:  International Fuel Cells and Fuel 
Cell Energy.  Their cells use slightly different technologies, each having its own set of advantages 
and disadvantages.  NSTAR will work in conjunction with Massachusetts Renewable Energy Trust 
to establish which type of cell best suits the needs of the facility. 
 
Task 2: Engineering Design 
Following the selection of the most appropriate fuel cell and location, design, specification and 
procurement of the equipment needed to access the building’s electric and heating systems will be 
performed. 
 
Task 3:  Fuel Cell Installation, Commissioning, and Operation  
Following the completion of Task 2, the fuel cell will be delivered to NSTAR for installation at the 
Summit or alternative site within the NSTAR Electric & Gas service territory.  Several NSTAR 
personnel will be available to assist in the installation and commissioning of the fuel cell, and will be 
trained by the manufacturer on how to correctly perform both routine and non-routine maintenance.  
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The schedule for this is dependent on the lead time for the fuel cell as required by the manufacturer.  
It is anticipated that the fuel cell will be fully operational by 2003. 
 
Task 4:  Monitoring, Reporting and Feedback 
NSTAR will monitor and provide feedback regarding the fuel cell performance, typical cost savings 
and estimated yearly maintenance costs to Massachusetts Renewable Energy Trust, and freely 
communicate this information to customers upon request.  
 
Estimated Costs 

 
Initial Costs 
Fuel Cell:      $900,000  
Installation (including slab):   $180,000  
Additional circuit protection:   $  15,000                                               
Engineering:     $  75,000 
Total:                                          $1,170,000 
 
Major Maintenance 
Stack replacements (years 3, 8):   $600,000 
Fuel processor unit replacement (year 7):  $  60,000 
Total:      $  66,000 
 
Yearly Maintenance 
Fuel consumption:    $102,268 
Parts and labor:     $    3,500 
Total:      $105,768 per year 
 
The estimated cost per kW-h for this option, assuming a 12 year life span,  is _________. 

 
 
5. Option 2 – Installation of a 400-500 kW Fuel Cell Assembly at an NSTAR Substation 
 

NSTAR would like to propose installation of a 200-250 kW fuel cell at one of its substations, where it 
can be connected to the distribution grid to potentially relieve congestion and reduce the need for 
regional generation.  A step-up transformer will also be needed for this application since the output 
of the assembly is 480 V and the distribution grid is at 1,400 V.  There are two main requirements for 
this option:  first, the station must have adequate space to accommodate the fuel cell, a step-up 
transformer, and associated switchgear.  Second, the station must have an adequate supply of 
natural gas, preferably in an area served by NSTAR Gas Company.  One potential site which 
satisfies both of these conditions is Needham Station #148; however, others may also prove to be 
both suitable and advantageous. 
 
Technical Justification and Approach 

 
There are several reasons why this idea is proposed.  NSTAR personnel will have 24 hour access to 
the fuel cell to monitor performance and perform maintenance and repairs if needed.  By connecting 
the unit to the distribution system in a strategic location, increasing the import capabilities is 
possible, which will enhance the ability to provide power to the customers during times of high 
electric demand.  Adequate space and a natural gas supply are available at some substations where 
a fuel cell assembly could be of benefit.  Again, due to lack of NSTAR’s experience with this  
technology, it makes some sense to conduct a pilot program to gain needed knowledge without the 
risk of inconveniencing customers. 
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Task Description 
 

The following descriptions provide a detailed listing of the tasks required for the installation of a fuel 
cell assembly at one of NSTAR’s substations.   
 
Task 1:  Selection of the fuel cell and verification of location 
There are two companies that have fuel cells available for purchase:  International Fuel Cells and Fuel 
Cell Energy.  Their cells use slightly different technologies, each having its own set of advantages 
and disadvantages.  NSTAR will work in conjunction with Massachusetts Renewable Energy Trust 
to establish which type of cell best suits the needs of the facility. 
 
In addition, load flow studies will be more extensively performed to verify that the fuel cell assembly 
is located in the place which will achieve the greatest benefit.  Needham Station #148 has been 
identified as a suitable location; however, NSTAR endeavors to place the fuel cell assembly where 
the greatest benefit may be derived. 
 
Task 2 : Engineering Design 
Following the selection of the most appropriate fuel cell and location, design, specification and 
procurement of the equipment needed to access the distribution system will be performed. 
 
Task 3:  Fuel Cell Installation, Commissioning, and Operation  
Following the completion of Task 2, the fuel cell will be delivered to NSTAR for installation at either 
Needham Station #148 or an alternative site, based on the results of the load flow studies.  Several 
NSTAR personnel will be available to assist in the installation and commissioning of the fuel cell, and 
will be trained by the manufacturer on how to correctly perform both routine and non-routine 
maintenance.  The schedule for this is dependent on the lead time for the fuel cell as required by the 
manufacturer.  It is anticipated that the fuel cell will be fully operational by 2003. 
 
Task 4:  Monitoring, Reporting and Feedback 
NSTAR will monitor and provide feedback regarding the fuel cell performance and estimated yearly 
maintenance costs to Massachusetts Renewable Energy Trust, and freely communicate this 
information to customers upon request.   In addition, documentation will be available regarding the 
estimated cost savings as a result of installing the fuel cell directly on the distribution system. 
 
 
Estimated Costs 

 
Initial Costs 
Fuel Cell Assembly              $1,800,000  
Installation (including slab):   $250,000 
Step-up tranformer and circuit breakers:  $  45,000 
Additional circuit protection:   $  15,000                                               
Engineering:     $  80,000 
Total:                                      $2,190,000 
 
Major Maintenance 
Stack replacements (years 3, 8):   $530,000 
Fuel processor unit replacement (year 7):  $120,000 
Total:      $656,000 
 
Yearly Maintenance 
Fuel consumption:    $204,536 
Parts and labor:     $    5,600 
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Total:                  $ 210,136  per year 
 
The estimated cost per kW-h for this option, assuming a 12 year life span,  is _________. 
 

 
6. Option 3 – Installation of a 200-250 kW Fuel Cell at an NSTAR Customer Facility 
 

NSTAR would like to propose installation of a 200-250 kW fuel cell at one of customer locations, 
where it can be used as a supplemental source of electricity, and potentially supply additional 
heating or hot water for the customer’s use.    There are three main requirements for this option:  the 
selected location must have adequate space to accommodate the fuel cell, the customer must be 
willing to work with NSTAR to allow 24-hour access for both planned and unplanned maintenance 
and repairs, and the location must have an adequate supply of natural gas, preferably in an area 
served by NSTAR Gas Company.  Some suggested sites include the Convention Center and the 
Mokley Courthouse; however, any location served by the downtown network may not be suitable 
because of issues with parallel operation.  Therefore, other sites outside of the downtown area will 
need to be considered. 
 

Technical Justification and Approach 
 

There are several reasons why installing a fuel cell to provide high quality power with high (>99.9%) 
availibility to an NSTAR customer is proposed.   Both  the customer and NSTAR will gain 
experience in the selection, installation and maintenance of a fuel cell.  The customer can also benefit 
from thermal recovery, ranging from a simple pump supplying an add-on hydronic space heating 
loop to a multiple-use processor-controlled heat exchange system for domestic hot water plus a heat 
pump source loop. 

 
Task Description 

 
The following descriptions provide a detailed listing of the tasks required for the installation of a fuel 
cell assembly at a customer location.   
 
Task 1:  Selection of the fuel cell and verification of location 
NSTAR will work directly with the customer to best determine the needs based on the particular 
application, using resources and expertise available from the Massachusetts Renewable Energy 
Trust.  Again, an appropriate fuel cell will be chosen from those currently available, and sited at a 
convenient place on the customer’s property. 
 
Task 2 : Engineering Design 
Following the selection of the most appropriate fuel cell and location, design, specification and 
procurement of the equipment needed to access the distribution system will be performed. 
 
Task 3:  Fuel Cell Installation, Commissioning, and Operation  
Following the completion of Task 2, the fuel cell will be delivered to the customer facility for 
installation. Several NSTAR personnel will be available to assist in the installation and 
commissioning of the fuel cell, and will be trained by the manufacturer on how to correctly perform 
both routine and non-routine maintenance.  The schedule for this is dependent on the lead time for 
the fuel cell as required by the manufacturer.  It is anticipated that the fuel cell will be fully operational 
by 2003. 
 
Task 4:  Monitoring, Reporting and Feedback 
NSTAR, in cooperation with the customer, will monitor and provide feedback regarding the fuel cell 
performance and estimated yearly maintenance costs to Massachusetts Renewable Energy Trust, and 
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freely communicate this information to other customers upon request.   In addition, documentation 
will be available regarding the estimated cost savings and other advantages as a result of installing 
the fuel cell at a customer location. 
 
Estimated Costs 

 
Initial Costs 
Fuel Cell:      $900,000  
Installation (including slab):   $180,000 
Additional circuit protection:   $  15,000                                               
Engineering:     $  75,000 
Total:                                      $1,170,000 
 
Major Maintenance 
Stack replacements (years 3, 8):   $600,000 
Fuel processor unit replacement (year 7):  $  60,000 
Total:      $  66,000 
 
Yearly Maintenance 
Fuel consumption:    $102,268 
Parts and labor:     $    3,500 
Total:                   $ 105,768  per year 
 
The estimated cost per kW-h for this option, assuming a 12 year life span,  is _________. 

 

3. Detailed Cost Description 
 

Purchase 
 

On average, the cost of a fuel cell varies is between $4,000/kW (for multiple 200 or 250 kW cells) and 
$4,200/kW (for a single 200 kW or 250 kW cell).  These costs are based on quotes from two  
manufacturers:  International Fuel Cells and Fuel Cell Energy.  Ballard Power Systems is currently 
conducting field trials and may have a commercial product available in a few years. 

 
Installation 

 
Each fuel cell unit capacity is 200 kW/235 kVA to 250 kW/292 kVA net, depending on the manufacturer.  
The output is 480 volt, 3-phase power at 60 Hz.  Most units contain a protection package consisting of 
AC overvoltage, AC undervoltage, voltage imbalance, abnormal frequency, instantaneous AC 
overcurrent, inverse time AC overcurrent, and current imbalance. 
 
The installation costs based on the manufacturer’s estimates are between $150,000 and $180,000 for a 
single unit, including the cost of a slab.  Multiple units may be connected together to form up to 2 MW of 
power, with subsequent units incurring somewhat lower installation costs than the original.  If the unit(s) 
will be connected to the 14 kV distribution system, a step-up transformer and additional protection will be 
required, which may account for an additional $45,000.   
 
Fuel 

 
Natural gas is the fuel supply of choice.  The consumption rate for a 200 kW cell (lifetime average) is 86.2 
lbs/hr, or 2,050 scf/hr.  If the gas is supplied by NSTAR for an NSTAR facility, this translates to a cost of 
approximately _______ per month.   
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Maintenance 

 
Approximately $3,500 per year is needed for planned and unplanned labor and parts to maintain a single 
unit.  These costs may be somewhat reduced by using in-house labor; however, approximately one week 
of training is required if that path is chosen.  The planned maintenance consists of replacing the water 
treatment salts and air filter at a three to six month frequency, and more detailed maintence requiring shut-
down yearly.  In addition, during the 7th year of operation, the fuel processor unit, which transforms the 
fuel into usable hydrogen, must be changed for a cost of approximately $60,000. 
 
The largest and most costly maintenance occurs after 3 years or 36,000 operating hours, when the main 
stack is required to be replaced.  This cost is estimated to be roughly 1/3 of the cost of the original fuel 
cell (~$300,000), excluding labor.  After the initial replacement, the interval will jump to 5 years for the 
remainder of the expected fuel cell life.  Although there is little documentation as to exactly how long the 
expected life is, estimations run between 10 and 12 years.  

 
4.  References 
 
[1]  “Fuel Cell Handbook,” EG&G Services, Parsons, Inc., Fifth Edition, October 2000. 
 
[2]  “PC25 Power Plant Design and Application Guide,” International Fuel Cells Commercial Power Systems, 

Rev. A, September 2001.  
 
[3]  G. Lawton, “The Latest on Fuel Cells,” Electrical World,  pp. 41-43, September/October 2001. 
 
[4]  “How to Build a Clean Machine”,  Reprint from Business Week, McGraw-Hill Co.,  May 27, 1996. 
 
[5] D. McClelland, et.al “First Commercial Fuel Cell Fleet:  Experience, Lessons Learned, and Future 

Perspective”, North American Fuel Cell Owners Group, 1994. 
 
[6] Relevant web sites include: 

http://www.mtpc.org 
http://www.fuelcellstore.com 
http://www.nfcrc.uci.edu 
http://www.fuelcellenergy.com 
http://www.fuelcells.org 
http://www.humboldt.edu 
http://www.ballard.com 
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Information Request NEDGC-2-6 
 

Provide complete and detailed documentation for the statement that “the costs 
attributable to providing distribution service to the standby customer are predominantly 
fixed, unavoidable and the same as those incurred by a comparable all-requirements 
customer.” LaMontagne Testimony at 18. 

  
Response 

 
The distribution system equipment necessary to deliver electric power to the customer 
includes the following components:  customer meter, customer service wire, line 
transformer (if the customer takes primary service, the service wire and transformer are 
provided by the customer), secondary distribution wires (if needed), primary distribution 
wires, line poles supporting the wires, manholes and underground conduit, capacitors, 
fuses and switching equipment.  The need for this equipment to serve customers, 
whether standby or non-standby, is described in the response to Information Request 
NEDGC-2-3; however, the need for the equipment does not vary depending on whether 
a customer is a standby customer or an all-requirements customer.  To the extent that a 
customer desires firm service to meet its load requirements, the same types of facilities 
must be built to support the distribution system regardless of whether a customer has on-
site generation.  The costs for the distribution equipment are fixed once installed on the 
distribution system.  According, customers whose loads trigger the installation of this 
equipment must pay for such fixed costs. 
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Information Request NEDGC-2-15 
 

Please provide complete and detailed documentation regarding portions of the 
distribution systems in the Company’s service territories that are operating at below the 
recommended reserve margins during peak load periods for each distribution voltage 
level, including substation, primary and secondary distribution. 

  
Response 

 
Please see the supplemental response to Information Request AG-1-10, Attachments 
AG-1-10(a)(supp), AG-1-10(b)(supp) and AG-1-10(c)(supp), which provide detailed 
assessments of the distribution facilities serving the NSTAR Electric system with 
respect to their ability to serve peak loads under normal and emergency conditions. 
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Information Request NEDGC-3-1 
 

For each customer listed in response to NEDGC 1-7, please provide the 
following: 
 
(a) a description of the specific distribution facilities which the Company 

installed for the specific purpose of providing service to the DG facility at 
the time the DG facility was installed; 

 
(b) the dates the Company installed such distribution facilities; 

 
(c) the dollar amount of investment made by the Company to install such 

distribution facilities; and 
 

(d)  the dollar amount contributed by the DG customer to defray the cost of 
such distribution facilities. 

 
Please provide complete and detailed documentation for your response. 

  
Response 

 
 The Company does not routinely maintain records that specifically link 

investment in distribution facilities with individual customers.  A search of the 
Company’s records was able to uncover information regarding the 
interconnection costs associated with one large customer who made a significant 
contribution to that investment. 

 
 Cambridge Electric received $1.4 million from Customer No. 1 listed on 

Attachment DTE-4-1(a) as payment for interconnection cost associated with the 
installation of a 21,500 kW cogeneration facility.  The interconnection facilities, 
installed in 1995, encompassed the reconfiguration of metering, distribution 
feeder circuits and substation equipment to accommodate interconnection of the 
cogeneration facility with Cambridge Electric’s distribution system. 
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BOSTON EDISON
 HOURLY LOAD DATA

January 13-19, 2002

DATE - TIME G3TL-ENTR-MEAN T2TL-ENTR-MEAN G2SURV-ENTR-MEAN

1/13/2002 0:00 296,868.74 325,814.92 187,345.66
1/13/2002 1:00 291,987.79 317,891.27 168,094.84
1/13/2002 2:00 288,537.91 312,356.74 163,158.44
1/13/2002 3:00 287,247.40 310,569.20 159,357.16
1/13/2002 4:00 286,110.22 309,125.41 159,535.00
1/13/2002 5:00 284,858.04 310,998.90 161,299.57
1/13/2002 6:00 287,375.17 314,814.62 167,142.74
1/13/2002 7:00 292,524.44 325,711.79 196,313.97
1/13/2002 8:00 294,607.15 337,554.29 199,529.68
1/13/2002 9:00 296,792.07 347,351.43 204,260.59

1/13/2002 10:00 295,897.66 357,011.06 212,902.94
1/13/2002 11:00 295,833.77 363,972.18 223,200.95
1/13/2002 12:00 301,187.48 371,775.51 225,272.83
1/13/2002 13:00 302,912.42 373,872.44 239,617.76
1/13/2002 14:00 303,768.50 374,027.13 240,352.73
1/13/2002 15:00 302,503.55 372,119.27 243,532.95
1/13/2002 16:00 301,698.57 368,853.56 240,958.59
1/13/2002 17:00 306,349.53 374,422.46 247,607.17
1/13/2002 18:00 309,403.31 377,310.03 248,993.08
1/13/2002 19:00 308,355.57 372,531.78 244,671.72
1/13/2002 20:00 305,697.88 364,384.69 234,695.16
1/13/2002 21:00 304,164.60 357,526.70 220,157.10
1/13/2002 22:00 301,647.46 350,806.20 216,107.71
1/13/2002 23:00 300,152.51 345,357.62 182,144.14

1/14/2002 0:00 300,024.74 338,791.82 172,227.85
1/14/2002 1:00 297,929.26 337,640.23 168,307.42
1/14/2002 2:00 296,536.53 339,462.15 163,688.34
1/14/2002 3:00 292,192.23 341,610.65 161,575.32
1/14/2002 4:00 297,022.07 347,884.25 163,199.30
1/14/2002 5:00 303,449.07 363,748.74 167,633.84
1/14/2002 6:00 325,221.66 399,173.12 177,851.98
1/14/2002 7:00 357,624.99 459,605.97 278,693.01
1/14/2002 8:00 383,039.13 507,422.87 288,923.57
1/14/2002 9:00 399,636.89 536,642.40 330,975.69

1/14/2002 10:00 407,290.52 548,759.91 361,953.62
1/14/2002 11:00 413,001.99 551,595.92 364,489.52
1/14/2002 12:00 414,829.15 548,347.40 356,571.81
1/14/2002 13:00 414,343.61 546,869.23 357,835.42
1/14/2002 14:00 414,215.84 545,030.12 357,398.84
1/14/2002 15:00 407,456.62 535,697.06 351,141.09
1/14/2002 16:00 403,623.42 527,928.10 336,927.81
1/14/2002 17:00 399,291.90 520,588.85 334,763.13
1/14/2002 18:00 391,523.28 505,927.52 322,669.04
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DATE - TIME G3TL-ENTR-MEAN T2TL-ENTR-MEAN G2SURV-ENTR-MEAN

1/14/2002 19:00 377,915.41 463,662.33 281,550.32
1/14/2002 20:00 368,600.73 438,636.67 259,078.86
1/14/2002 21:00 356,807.24 416,859.52 243,289.91
1/14/2002 22:00 346,125.39 390,665.08 221,755.28
1/14/2002 23:00 333,744.14 363,319.04 190,559.54

1/15/2002 0:00 324,787.23 346,732.66 170,354.19
1/15/2002 1:00 318,321.89 335,508.92 162,272.06
1/15/2002 2:00 316,456.40 332,965.11 159,247.94
1/15/2002 3:00 312,699.86 335,233.92 159,145.65
1/15/2002 4:00 313,888.16 339,754.35 163,020.38
1/15/2002 5:00 316,379.74 350,599.95 163,131.50
1/15/2002 6:00 330,588.14 383,652.39 173,315.35
1/15/2002 7:00 363,783.67 442,177.38 248,968.12
1/15/2002 8:00 387,817.85 496,164.76 278,388.73
1/15/2002 9:00 401,055.18 529,767.21 310,411.00

1/15/2002 10:00 408,606.58 546,680.16 360,135.92
1/15/2002 11:00 414,394.72 554,414.74 359,035.67
1/15/2002 12:00 416,847.97 553,074.08 357,935.98
1/15/2002 13:00 418,585.69 553,813.17 364,663.75
1/15/2002 14:00 418,074.59 553,641.29 367,727.30
1/15/2002 15:00 413,359.76 546,611.41 359,698.59
1/15/2002 16:00 409,322.12 535,817.38 343,763.89
1/15/2002 17:00 402,447.91 527,687.47 352,811.91
1/15/2002 18:00 392,622.13 511,187.03 344,586.99
1/15/2002 19:00 374,899.96 467,271.80 316,752.95
1/15/2002 20:00 365,138.07 442,383.64 298,451.22
1/15/2002 21:00 354,622.32 420,623.69 265,255.53
1/15/2002 22:00 345,384.30 392,504.19 251,478.07
1/15/2002 23:00 333,054.17 366,722.25 206,386.51

1/16/2002 0:00 322,065.65 348,417.08 176,799.36
1/16/2002 1:00 316,405.29 336,952.71 166,595.34
1/16/2002 2:00 313,134.29 331,005.68 160,787.02
1/16/2002 3:00 308,330.01 330,404.10 160,992.98
1/16/2002 4:00 304,752.36 337,348.03 161,465.94
1/16/2002 5:00 308,266.13 349,912.43 163,642.44
1/16/2002 6:00 325,451.65 383,463.32 178,041.99
1/16/2002 7:00 359,439.38 445,511.85 249,844.56
1/16/2002 8:00 382,681.36 499,894.54 275,083.31
1/16/2002 9:00 395,458.70 531,228.19 321,366.71

1/16/2002 10:00 406,012.78 547,986.45 355,051.93
1/16/2002 11:00 407,328.85 553,314.72 364,611.64
1/16/2002 12:00 405,195.03 549,533.36 361,656.00
1/16/2002 13:00 406,498.32 545,820.77 358,859.56
1/16/2002 14:00 408,466.03 543,397.26 351,162.21
1/16/2002 15:00 405,373.92 536,264.26 346,675.79
1/16/2002 16:00 400,518.53 527,670.28 344,071.18
1/16/2002 17:00 396,493.67 521,843.57 348,460.74
1/16/2002 18:00 389,453.35 508,402.58 336,432.20
1/16/2002 19:00 375,819.93 464,848.30 319,303.84
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1/16/2002 20:00 365,840.82 439,685.13 300,840.73
1/16/2002 21:00 354,647.87 418,922.08 275,736.30
1/16/2002 22:00 346,534.26 393,501.09 257,736.36
1/16/2002 23:00 336,031.29 367,598.84 207,711.48

1/17/2002 0:00 326,448.28 350,290.57 181,335.33
1/17/2002 1:00 319,459.08 339,152.77 168,101.69
1/17/2002 2:00 311,281.58 333,446.37 160,826.10
1/17/2002 3:00 309,186.09 334,855.78 159,821.61
1/17/2002 4:00 307,282.27 340,132.48 162,531.38
1/17/2002 5:00 311,153.81 351,562.47 163,593.01
1/17/2002 6:00 327,649.35 387,210.30 173,128.69
1/17/2002 7:00 361,304.87 446,525.94 250,031.18
1/17/2002 8:00 385,441.27 501,682.09 280,305.72
1/17/2002 9:00 403,878.97 536,642.40 321,217.63

1/17/2002 10:00 411,392.04 554,294.43 347,887.26
1/17/2002 11:00 414,560.83 559,158.62 356,100.29
1/17/2002 12:00 412,414.23 557,233.57 353,878.85
1/17/2002 13:00 412,886.99 553,125.65 351,167.15
1/17/2002 14:00 411,098.17 549,481.80 351,155.69
1/17/2002 15:00 405,821.12 534,992.35 345,334.66
1/17/2002 16:00 401,400.16 523,012.35 332,707.14
1/17/2002 17:00 395,279.82 516,377.80 339,531.89
1/17/2002 18:00 388,737.82 503,658.71 335,685.06
1/17/2002 19:00 371,846.17 462,441.99 316,257.48
1/17/2002 20:00 362,608.16 439,135.12 305,292.04
1/17/2002 21:00 351,836.86 418,165.81 281,933.62
1/17/2002 22:00 343,812.69 392,315.12 261,523.35
1/17/2002 23:00 332,773.07 366,980.07 220,620.62

1/18/2002 0:00 326,077.74 349,963.99 183,044.43
1/18/2002 1:00 318,654.10 340,304.36 168,219.46
1/18/2002 2:00 314,833.68 336,608.95 162,628.20
1/18/2002 3:00 312,265.43 339,032.45 163,107.97
1/18/2002 4:00 310,054.95 345,288.87 165,728.07
1/18/2002 5:00 312,239.88 357,836.08 166,565.69
1/18/2002 6:00 328,633.21 391,404.16 181,455.73
1/18/2002 7:00 361,675.41 452,593.29 256,769.59
1/18/2002 8:00 383,307.45 504,552.48 277,029.47
1/18/2002 9:00 396,391.45 532,328.22 325,115.00

1/18/2002 10:00 402,166.80 547,333.31 348,359.35
1/18/2002 11:00 408,427.70 549,430.24 356,529.06
1/18/2002 12:00 406,153.33 546,112.96 344,092.21
1/18/2002 13:00 406,753.87 546,852.04 354,881.15
1/18/2002 14:00 407,034.97 546,920.80 358,069.59
1/18/2002 15:00 401,425.72 539,203.40 351,771.50
1/18/2002 16:00 394,193.74 525,676.48 337,968.15
1/18/2002 17:00 385,326.27 517,563.76 339,546.36
1/18/2002 18:00 378,694.83 503,950.90 329,180.80
1/18/2002 19:00 362,442.05 461,187.27 306,259.13
1/18/2002 20:00 354,315.66 436,969.43 293,699.61
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1/18/2002 21:00 343,020.49 415,982.94 275,663.18
1/18/2002 22:00 340,720.57 389,410.36 264,917.11
1/18/2002 23:00 330,064.27 367,633.21 238,478.97

1/19/2002 0:00 321,771.78 351,889.05 195,735.41
1/19/2002 1:00 317,274.15 341,662.21 173,459.04
1/19/2002 2:00 314,680.35 338,723.07 168,176.81
1/19/2002 3:00 311,843.78 338,465.25 166,219.09
1/19/2002 4:00 310,936.59 338,946.51 170,361.10
1/19/2002 5:00 309,607.75 343,845.08 171,550.18
1/19/2002 6:00 312,750.97 357,492.32 180,242.77
1/19/2002 7:00 321,759.00 386,780.60 248,306.16
1/19/2002 8:00 324,493.35 414,831.34 253,044.96
1/19/2002 9:00 330,243.15 429,475.48 274,045.76

1/19/2002 10:00 334,268.01 439,375.75 296,399.60
1/19/2002 11:00 333,629.15 442,349.26 299,015.60
1/19/2002 12:00 335,060.21 439,616.38 298,309.09
1/19/2002 13:00 331,457.00 432,070.87 294,149.61
1/19/2002 14:00 325,030.00 406,581.13 277,368.42
1/19/2002 15:00 321,848.44 401,080.98 280,521.51
1/19/2002 16:00 321,605.67 398,554.35 280,442.66
1/19/2002 17:00 324,135.58 402,610.71 282,117.91
1/19/2002 18:00 324,761.67 401,682.56 305,589.78
1/19/2002 19:00 316,328.63 392,297.93 295,992.30
1/19/2002 20:00 310,744.93 386,144.64 283,915.65
1/19/2002 21:00 306,911.73 378,564.76 257,011.67
1/19/2002 22:00 305,531.78 368,681.68 253,858.85
1/19/2002 23:00 300,011.96 357,251.69 222,892.90
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5/12/2002 0:00 292,912.43 296,708.07 220,012.98
5/12/2002 1:00 287,219.41 287,080.38 188,071.94
5/12/2002 2:00 282,577.88 282,373.50 179,496.45
5/12/2002 3:00 278,732.46 278,794.72 176,763.56
5/12/2002 4:00 276,584.44 277,549.93 177,504.54
5/12/2002 5:00 275,412.79 277,491.58 176,015.39
5/12/2002 6:00 276,434.23 281,284.31 168,758.70
5/12/2002 7:00 276,614.48 287,313.77 189,806.83
5/12/2002 8:00 277,290.43 296,999.82 196,611.27
5/12/2002 9:00 284,335.35 308,436.36 205,717.13

5/12/2002 10:00 288,481.19 316,702.56 225,711.60
5/12/2002 11:00 288,736.55 324,988.21 240,489.00
5/12/2002 12:00 292,837.32 331,990.17 239,533.81
5/12/2002 13:00 292,416.73 332,962.67 247,831.01
5/12/2002 14:00 290,283.73 332,087.42 250,271.75
5/12/2002 15:00 288,841.70 330,473.08 247,872.32
5/12/2002 16:00 289,727.94 328,586.44 247,133.82
5/12/2002 17:00 287,369.62 328,022.39 252,560.05
5/12/2002 18:00 287,024.14 324,210.22 245,102.74
5/12/2002 19:00 286,918.99 317,966.80 264,203.85
5/12/2002 20:00 286,032.74 311,956.79 247,514.15
5/12/2002 21:00 284,966.24 309,331.05 229,169.38
5/12/2002 22:00 284,740.92 304,915.93 222,938.48
5/12/2002 23:00 280,745.30 300,500.80 201,402.23

5/13/2002 0:00 276,704.61 293,362.69 185,548.81
5/13/2002 1:00 279,153.05 288,441.87 183,527.94
5/13/2002 2:00 278,807.57 285,388.24 177,521.22
5/13/2002 3:00 277,455.66 284,726.94 179,075.31
5/13/2002 4:00 278,462.08 287,858.37 176,140.73
5/13/2002 5:00 283,208.76 297,913.96 172,798.61
5/13/2002 6:00 300,918.70 328,372.49 199,966.13
5/13/2002 7:00 332,898.73 386,741.61 242,449.82
5/13/2002 8:00 361,198.58 446,997.37 272,205.62
5/13/2002 9:00 380,575.86 485,196.96 318,442.35

5/13/2002 10:00 392,502.65 508,108.93 348,010.35
5/13/2002 11:00 397,549.76 518,261.77 358,643.75
5/13/2002 12:00 401,259.98 520,479.06 360,220.55
5/13/2002 13:00 403,498.13 521,412.65 352,171.99
5/13/2002 14:00 402,596.86 520,381.81 354,906.13
5/13/2002 15:00 397,579.80 514,819.14 347,365.90
5/13/2002 16:00 393,629.24 504,530.15 335,447.21
5/13/2002 17:00 382,859.07 491,187.52 322,168.75
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5/13/2002 18:00 372,224.10 472,593.43 303,309.50
5/13/2002 19:00 357,803.80 430,114.87 279,218.89
5/13/2002 20:00 349,406.97 407,358.50 263,329.98
5/13/2002 21:00 340,484.41 389,989.74 253,301.13
5/13/2002 22:00 333,800.00 365,988.58 238,238.41
5/13/2002 23:00 321,933.29 339,050.48 210,542.47

5/14/2002 0:00 314,602.97 321,798.43 189,542.58
5/14/2002 1:00 311,884.14 310,167.40 178,036.24
5/14/2002 2:00 308,414.25 304,915.93 171,268.86
5/14/2002 3:00 305,229.77 302,543.04 171,748.41
5/14/2002 4:00 303,802.76 304,176.83 168,183.20
5/14/2002 5:00 304,854.24 310,634.19 166,981.74
5/14/2002 6:00 318,853.95 339,517.28 204,938.84
5/14/2002 7:00 346,342.66 398,625.50 236,738.22
5/14/2002 8:00 369,700.55 459,562.00 272,303.95
5/14/2002 9:00 387,725.93 496,147.24 326,637.86

5/14/2002 10:00 397,654.91 513,632.69 354,040.44
5/14/2002 11:00 404,925.14 521,082.00 368,525.88
5/14/2002 12:00 408,590.30 523,279.84 359,816.96
5/14/2002 13:00 408,755.54 525,633.28 353,400.22
5/14/2002 14:00 411,399.26 527,733.86 367,592.42
5/14/2002 15:00 401,950.96 521,120.90 350,010.93
5/14/2002 16:00 402,972.39 512,329.55 345,555.00
5/14/2002 17:00 394,485.44 500,153.92 339,016.40
5/14/2002 18:00 380,185.31 476,852.95 323,160.03
5/14/2002 19:00 358,239.41 428,150.43 284,335.83
5/14/2002 20:00 346,628.06 401,912.53 271,424.98
5/14/2002 21:00 340,484.41 384,329.83 265,641.57
5/14/2002 22:00 334,671.22 359,978.56 255,306.55
5/14/2002 23:00 323,240.13 334,071.31 219,476.16

5/15/2002 0:00 312,154.52 317,791.75 205,589.83
5/15/2002 1:00 308,684.63 306,569.17 190,722.47
5/15/2002 2:00 305,124.62 301,765.04 175,878.94
5/15/2002 3:00 299,717.01 299,606.11 173,297.59
5/15/2002 4:00 298,710.59 301,881.74 167,129.88
5/15/2002 5:00 300,798.53 309,992.35 167,967.42
5/15/2002 6:00 312,815.45 337,727.89 195,669.93
5/15/2002 7:00 343,293.36 396,777.76 243,635.42
5/15/2002 8:00 368,649.07 455,166.33 285,029.61
5/15/2002 9:00 388,071.41 489,086.93 332,646.42

5/15/2002 10:00 399,487.49 510,228.96 358,858.45
5/15/2002 11:00 404,910.12 518,592.42 366,313.21
5/15/2002 12:00 406,006.67 520,012.26 359,247.19
5/15/2002 13:00 406,322.11 521,548.80 360,230.83
5/15/2002 14:00 405,691.22 521,723.85 357,857.12
5/15/2002 15:00 403,347.92 516,044.48 353,113.37
5/15/2002 16:00 398,420.99 506,514.03 342,323.42
5/15/2002 17:00 390,264.50 494,630.15 328,614.19
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5/15/2002 18:00 380,515.77 474,013.27 317,306.28
5/15/2002 19:00 362,670.65 430,990.11 288,126.19
5/15/2002 20:00 353,267.41 405,238.46 287,322.98
5/15/2002 21:00 344,029.40 386,060.87 280,933.50
5/15/2002 22:00 337,269.88 362,079.15 269,821.77
5/15/2002 23:00 322,684.35 334,071.31 222,839.47

5/16/2002 0:00 313,836.89 317,130.46 187,042.02
5/16/2002 1:00 305,049.52 305,227.12 174,162.97
5/16/2002 2:00 299,987.39 300,695.30 173,687.64
5/16/2002 3:00 296,742.82 297,894.51 172,688.25
5/16/2002 4:00 296,893.03 298,730.86 166,798.86
5/16/2002 5:00 299,747.05 306,569.17 162,482.91
5/16/2002 6:00 311,433.50 333,896.26 198,963.73
5/16/2002 7:00 341,656.06 396,349.86 230,524.30
5/16/2002 8:00 371,908.66 457,072.41 260,955.52
5/16/2002 9:00 392,037.00 496,730.74 304,218.70

5/16/2002 10:00 408,905.75 528,064.51 354,493.84
5/16/2002 11:00 426,044.88 550,490.24 365,537.67
5/16/2002 12:00 434,141.28 561,421.07 379,712.49
5/16/2002 13:00 442,192.62 568,306.34 391,780.74
5/16/2002 14:00 446,578.79 572,565.86 397,243.87
5/16/2002 15:00 445,332.04 570,873.72 401,348.04
5/16/2002 16:00 444,235.49 563,443.86 391,265.71
5/16/2002 17:00 433,675.62 550,451.34 376,363.76
5/16/2002 18:00 416,731.77 524,796.93 364,603.68
5/16/2002 19:00 393,013.37 468,800.70 333,258.86
5/16/2002 20:00 379,088.76 435,385.79 320,883.11
5/16/2002 21:00 370,031.01 411,890.32 307,104.82
5/16/2002 22:00 362,610.56 380,595.45 281,217.94
5/16/2002 23:00 344,735.39 348,153.03 241,980.61

5/17/2002 0:00 334,070.38 329,500.59 200,465.77
5/17/2002 1:00 322,308.82 317,111.01 182,765.27
5/17/2002 2:00 316,690.91 312,637.53 197,727.66
5/17/2002 3:00 315,008.54 308,903.15 194,070.57
5/17/2002 4:00 312,289.71 308,300.21 190,338.03
5/17/2002 5:00 314,963.48 316,508.06 188,531.57
5/17/2002 6:00 330,270.03 350,078.57 192,430.33
5/17/2002 7:00 363,752.17 416,033.15 227,554.64
5/17/2002 8:00 389,693.70 480,956.88 265,804.62
5/17/2002 9:00 410,362.80 523,182.59 323,244.05

5/17/2002 10:00 422,574.99 545,530.51 371,571.05
5/17/2002 11:00 430,731.48 559,845.63 391,176.04
5/17/2002 12:00 434,231.41 568,111.84 395,529.97
5/17/2002 13:00 432,774.36 565,136.00 398,617.46
5/17/2002 14:00 429,139.24 559,534.43 398,139.16
5/17/2002 15:00 427,712.23 555,488.86 394,913.10
5/17/2002 16:00 422,980.57 547,164.30 393,705.42
5/17/2002 17:00 411,128.88 532,537.99 387,188.25
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5/17/2002 18:00 393,238.69 503,285.35 361,247.52
5/17/2002 19:00 369,670.50 445,966.53 314,175.40
5/17/2002 20:00 353,627.92 414,554.96 298,992.49
5/17/2002 21:00 343,713.96 391,506.84 286,698.00
5/17/2002 22:00 335,151.90 363,032.20 268,607.05
5/17/2002 23:00 320,416.15 334,110.21 237,790.33

5/18/2002 0:00 308,264.04 314,485.27 204,147.77
5/18/2002 1:00 299,116.16 299,606.11 177,762.68
5/18/2002 2:00 295,886.61 292,331.85 168,184.82
5/18/2002 3:00 295,646.28 286,827.53 169,793.79
5/18/2002 4:00 290,494.02 283,132.05 164,369.33
5/18/2002 5:00 288,586.34 283,696.10 161,064.18
5/18/2002 6:00 293,318.00 295,346.58 163,889.16
5/18/2002 7:00 299,927.30 315,127.12 226,132.60
5/18/2002 8:00 304,824.20 345,021.60 236,590.31
5/18/2002 9:00 312,334.77 368,867.16 263,623.51

5/18/2002 10:00 316,750.99 379,875.80 296,748.64
5/18/2002 11:00 317,246.69 387,577.96 298,591.81
5/18/2002 12:00 320,386.11 389,270.10 288,446.29
5/18/2002 13:00 316,435.55 386,333.16 292,166.85
5/18/2002 14:00 308,894.93 361,943.00 269,224.68
5/18/2002 15:00 305,304.88 355,543.99 262,989.54
5/18/2002 16:00 304,073.14 348,755.98 256,686.66
5/18/2002 17:00 301,038.87 345,177.20 268,476.25
5/18/2002 18:00 298,184.85 340,042.43 264,881.70
5/18/2002 19:00 291,500.44 334,713.16 258,057.98
5/18/2002 20:00 290,073.43 330,609.23 248,971.95
5/18/2002 21:00 292,056.22 328,878.19 250,715.59
5/18/2002 22:00 293,077.66 323,548.92 248,688.96
5/18/2002 23:00 288,466.17 316,080.16 217,072.85
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8/11/2002 0:00 358,713.34 352,983.74 241,005.31
8/11/2002 1:00 352,283.46 339,673.14 200,412.61
8/11/2002 2:00 347,796.67 331,510.78 186,279.55
8/11/2002 3:00 344,157.78 325,658.52 171,171.73
8/11/2002 4:00 341,543.43 322,534.38 165,047.01
8/11/2002 5:00 339,741.65 323,370.42 159,482.45
8/11/2002 6:00 343,186.23 328,386.64 163,422.95
8/11/2002 7:00 346,083.21 339,013.11 185,899.74
8/11/2002 8:00 352,937.05 360,464.07 214,759.26
8/11/2002 9:00 366,432.74 383,125.08 239,582.34

8/11/2002 10:00 376,660.49 405,632.08 259,498.87
8/11/2002 11:00 385,651.73 424,068.91 276,966.06
8/11/2002 12:00 395,349.55 441,009.66 302,606.76
8/11/2002 13:00 400,949.20 452,054.15 345,767.87
8/11/2002 14:00 403,722.53 456,850.37 354,039.18
8/11/2002 15:00 402,574.34 459,270.47 347,219.06
8/11/2002 16:00 405,771.62 460,568.53 342,121.89
8/11/2002 17:00 404,217.14 459,138.47 345,007.93
8/11/2002 18:00 405,135.69 453,638.22 314,957.40
8/11/2002 19:00 401,814.76 437,423.50 314,235.51
8/11/2002 20:00 397,221.99 418,832.67 303,168.47
8/11/2002 21:00 390,156.18 407,194.15 301,261.96
8/11/2002 22:00 386,358.31 396,589.68 292,878.69
8/11/2002 23:00 379,133.52 384,071.12 278,226.81

8/12/2002 0:00 376,554.51 373,664.66 256,187.47
8/12/2002 1:00 371,184.49 373,642.66 226,330.16
8/12/2002 2:00 369,771.33 374,522.70 217,279.17
8/12/2002 3:00 367,792.90 375,974.76 198,139.10
8/12/2002 4:00 370,230.61 387,239.26 202,099.23
8/12/2002 5:00 376,413.19 408,536.21 204,053.96
8/12/2002 6:00 396,886.36 443,385.77 228,810.02
8/12/2002 7:00 429,212.43 497,948.20 252,900.52
8/12/2002 8:00 465,230.38 557,042.83 328,865.45
8/12/2002 9:00 492,310.08 605,444.99 383,521.47

8/12/2002 10:00 510,804.83 641,482.60 439,323.42
8/12/2002 11:00 528,575.34 664,869.64 452,133.10
8/12/2002 12:00 541,700.07 679,918.31 475,383.50
8/12/2002 13:00 551,662.86 690,522.78 481,300.71
8/12/2002 14:00 554,665.83 696,815.06 489,718.57
8/12/2002 15:00 552,475.43 694,834.98 479,225.49
8/12/2002 16:00 546,239.85 685,550.56 473,134.17



D.T.E. 03-121
Attachment NEDGC-3-2 (c)

Page 2 of 4

DATE - TIME G3TL-ENTR-MEAN T2TL-ENTR-MEAN G2SURV-ENTR-MEAN
8/12/2002 17:00 534,227.98 670,171.88 459,817.86
8/12/2002 18:00 518,859.85 641,878.62 415,325.68
8/12/2002 19:00 496,708.55 580,957.90 355,514.32
8/12/2002 20:00 479,044.03 540,190.08 334,219.08
8/12/2002 21:00 464,700.44 508,244.66 314,101.90
8/12/2002 22:00 448,996.69 469,038.91 300,927.57
8/12/2002 23:00 435,236.03 435,993.44 265,860.45

8/13/2002 0:00 423,559.78 411,946.37 242,912.57
8/13/2002 1:00 411,989.53 400,373.85 220,866.97
8/13/2002 2:00 408,438.96 395,753.64 206,953.99
8/13/2002 3:00 406,071.91 395,907.65 197,846.12
8/13/2002 4:00 406,301.55 404,818.05 197,168.06
8/13/2002 5:00 411,848.21 423,914.90 194,900.17
8/13/2002 6:00 426,350.78 459,204.47 219,699.31
8/13/2002 7:00 456,256.81 520,587.21 261,424.83
8/13/2002 8:00 489,819.39 580,451.88 331,847.55
8/13/2002 9:00 514,744.02 632,572.20 405,054.68

8/13/2002 10:00 532,373.21 668,477.80 462,695.56
8/13/2002 11:00 551,857.17 696,727.06 498,268.87
8/13/2002 12:00 559,929.85 707,595.55 501,090.24
8/13/2002 13:00 561,802.29 710,631.68 495,407.84
8/13/2002 14:00 565,476.51 712,655.77 491,619.02
8/13/2002 15:00 564,893.58 710,521.68 484,638.24
8/13/2002 16:00 558,234.06 702,029.30 473,058.43
8/13/2002 17:00 548,659.89 684,516.52 466,420.13
8/13/2002 18:00 532,885.48 658,005.33 434,352.49
8/13/2002 19:00 511,087.47 593,344.45 400,346.09
8/13/2002 20:00 496,531.90 555,656.77 369,800.75
8/13/2002 21:00 484,484.70 528,661.57 355,059.57
8/13/2002 22:00 473,020.43 492,601.96 349,923.03
8/13/2002 23:00 453,041.86 456,366.35 299,877.55

8/14/2002 0:00 442,125.19 432,363.28 266,964.57
8/14/2002 1:00 433,275.27 418,062.64 247,445.92
8/14/2002 2:00 426,333.11 413,838.45 231,086.14
8/14/2002 3:00 422,287.94 409,548.26 216,857.21
8/14/2002 4:00 423,082.84 417,556.62 213,482.80
8/14/2002 5:00 425,343.90 438,325.54 211,576.65
8/14/2002 6:00 435,765.97 471,789.03 239,684.84
8/14/2002 7:00 468,957.59 532,555.74 276,223.58
8/14/2002 8:00 504,887.22 594,334.50 352,014.18
8/14/2002 9:00 524,918.78 642,538.65 424,289.43

8/14/2002 10:00 543,431.20 678,532.25 472,474.32
8/14/2002 11:00 561,519.66 703,305.35 497,652.16
8/14/2002 12:00 573,266.56 716,439.94 506,036.22
8/14/2002 13:00 578,689.57 720,752.13 511,121.51
8/14/2002 14:00 575,686.60 720,224.11 510,823.58
8/14/2002 15:00 569,963.30 715,955.92 496,139.94
8/14/2002 16:00 560,018.18 705,087.43 491,624.40
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8/14/2002 17:00 551,556.87 690,016.76 485,254.21
8/14/2002 18:00 535,817.79 663,307.57 450,675.15
8/14/2002 19:00 514,108.10 606,457.04 418,075.37
8/14/2002 20:00 498,810.63 568,285.33 375,126.73
8/14/2002 21:00 485,721.22 538,055.99 365,423.42
8/14/2002 22:00 475,034.19 497,090.16 355,370.12
8/14/2002 23:00 451,257.75 458,280.43 318,685.07

8/15/2002 0:00 436,808.17 431,813.25 285,294.43
8/15/2002 1:00 426,739.40 417,644.62 259,653.10
8/15/2002 2:00 421,634.35 411,374.34 237,120.94
8/15/2002 3:00 419,903.23 409,284.25 215,309.40
8/15/2002 4:00 417,412.53 415,576.53 215,671.89
8/15/2002 5:00 421,422.38 434,497.37 223,464.23
8/15/2002 6:00 436,030.93 469,940.95 241,937.19
8/15/2002 7:00 464,382.48 531,301.69 298,223.01
8/15/2002 8:00 497,185.49 590,418.32 359,915.57
8/15/2002 9:00 521,032.59 637,522.42 424,689.67

8/15/2002 10:00 537,990.52 670,963.91 467,380.36
8/15/2002 11:00 556,838.56 690,324.78 480,537.92
8/15/2002 12:00 564,999.57 700,797.24 492,641.75
8/15/2002 13:00 566,642.37 704,625.41 498,378.80
8/15/2002 14:00 565,476.51 708,167.57 501,166.68
8/15/2002 15:00 563,621.74 706,275.49 488,042.85
8/15/2002 16:00 561,095.71 701,457.27 481,482.85
8/15/2002 17:00 550,602.99 688,960.71 468,278.18
8/15/2002 18:00 536,294.73 661,547.49 445,096.10
8/15/2002 19:00 513,966.78 601,924.83 403,782.58
8/15/2002 20:00 499,817.50 562,059.06 382,980.58
8/15/2002 21:00 486,533.79 532,247.73 368,823.14
8/15/2002 22:00 472,137.21 493,416.00 346,010.73
8/15/2002 23:00 451,452.06 455,750.32 309,454.11

8/16/2002 0:00 439,528.51 429,415.14 269,075.99
8/16/2002 1:00 430,201.64 415,224.51 250,234.36
8/16/2002 2:00 426,403.77 410,164.29 237,387.25
8/16/2002 3:00 423,259.49 408,668.22 222,529.39
8/16/2002 4:00 425,432.22 419,866.72 224,857.30
8/16/2002 5:00 430,855.23 442,109.71 225,369.50
8/16/2002 6:00 447,742.51 484,901.62 253,542.68
8/16/2002 7:00 483,636.81 549,694.51 317,029.12
8/16/2002 8:00 513,878.46 605,951.01 384,032.49
8/16/2002 9:00 531,384.00 644,870.75 442,772.29

8/16/2002 10:00 542,124.02 673,340.02 474,602.89
8/16/2002 11:00 555,725.70 694,086.94 487,939.93
8/16/2002 12:00 564,240.00 706,539.50 486,725.04
8/16/2002 13:00 571,747.42 713,117.79 490,093.87
8/16/2002 14:00 573,160.58 716,263.93 499,856.84
8/16/2002 15:00 568,974.09 712,853.78 487,172.12
8/16/2002 16:00 559,541.24 701,215.26 479,236.38
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8/16/2002 17:00 550,090.72 684,956.54 476,120.47
8/16/2002 18:00 533,097.45 654,683.19 458,791.60
8/16/2002 19:00 510,628.19 589,648.29 421,275.37
8/16/2002 20:00 492,840.02 554,028.70 408,347.55
8/16/2002 21:00 466,290.25 513,128.88 369,973.48
8/16/2002 22:00 449,579.62 473,703.12 356,841.23
8/16/2002 23:00 435,324.35 442,747.74 308,407.80

8/17/2002 0:00 429,654.04 424,970.95 292,128.52
8/17/2002 1:00 422,234.95 408,624.22 251,572.72
8/17/2002 2:00 416,140.69 400,659.86 241,053.40
8/17/2002 3:00 408,138.66 394,147.57 222,918.31
8/17/2002 4:00 405,118.03 393,641.55 220,862.46
8/17/2002 5:00 404,164.15 398,239.75 231,523.07
8/17/2002 6:00 408,562.61 412,980.41 241,957.92
8/17/2002 7:00 417,359.54 448,159.98 282,821.38
8/17/2002 8:00 430,060.33 486,617.69 308,127.33
8/17/2002 9:00 444,138.95 518,563.12 349,628.25

8/17/2002 10:00 451,876.01 532,819.75 375,112.25
8/17/2002 11:00 452,105.64 543,204.22 390,610.40
8/17/2002 12:00 456,044.83 546,086.35 384,823.35
8/17/2002 13:00 453,766.11 543,226.22 383,777.67
8/17/2002 14:00 447,300.90 513,678.90 392,920.56
8/17/2002 15:00 446,011.39 509,388.71 405,133.31
8/17/2002 16:00 446,894.61 506,616.59 409,236.16
8/17/2002 17:00 442,443.15 501,974.38 406,249.79
8/17/2002 18:00 435,907.28 488,795.79 400,117.95
8/17/2002 19:00 425,202.58 468,664.89 377,993.82
8/17/2002 20:00 415,381.11 452,318.16 368,359.58
8/17/2002 21:00 396,974.69 441,383.68 351,025.58
8/17/2002 22:00 385,298.44 426,269.00 348,886.30
8/17/2002 23:00 375,971.58 408,052.19 301,967.81
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DATE - TIME G3TL-ENTR-MEAN T2TL-ENTR-MEAN G2SURV-ENTR-MEAN

10/20/2002 0:00 291,014.42 304,120.06 200,783.70
10/20/2002 1:00 285,351.86 293,635.26 171,098.24
10/20/2002 2:00 283,033.21 288,433.34 163,493.11
10/20/2002 3:00 280,036.32 284,081.54 158,402.85
10/20/2002 4:00 277,481.07 280,559.61 151,451.96
10/20/2002 5:00 276,645.09 282,219.37 153,062.46
10/20/2002 6:00 279,878.59 288,069.00 152,653.65
10/20/2002 7:00 283,916.51 298,897.90 185,391.21
10/20/2002 8:00 281,187.76 308,714.76 190,163.73
10/20/2002 9:00 285,336.09 316,871.85 218,878.96

10/20/2002 10:00 291,456.07 324,765.82 236,162.17
10/20/2002 11:00 293,932.45 331,485.81 254,466.05
10/20/2002 12:00 298,143.88 339,541.70 272,435.77
10/20/2002 13:00 299,547.69 342,921.94 278,608.26
10/20/2002 14:00 301,866.34 345,593.74 270,436.40
10/20/2002 15:00 301,046.14 346,180.73 274,950.11
10/20/2002 16:00 302,954.69 344,844.83 267,743.36
10/20/2002 17:00 299,326.87 341,970.61 271,142.59
10/20/2002 18:00 298,569.76 336,303.15 260,161.01
10/20/2002 19:00 302,307.99 336,303.15 257,495.38
10/20/2002 20:00 301,519.33 326,951.84 243,810.13
10/20/2002 21:00 295,430.90 319,280.52 209,481.61
10/20/2002 22:00 295,068.12 312,135.47 202,807.12
10/20/2002 23:00 289,200.51 305,698.86 174,744.49
10/21/2002 0:00 287,512.78 297,055.98 157,717.79
10/21/2002 1:00 286,266.71 291,975.50 154,377.22
10/21/2002 2:00 283,774.55 290,801.53 154,550.65
10/21/2002 3:00 283,301.36 289,607.31 153,951.01
10/21/2002 4:00 286,597.94 294,465.14 151,849.77
10/21/2002 5:00 292,481.32 309,483.91 155,945.25
10/21/2002 6:00 310,368.06 341,444.35 160,752.98
10/21/2002 7:00 343,397.02 402,551.73 205,610.27
10/21/2002 8:00 368,113.53 456,878.41 228,918.20
10/21/2002 9:00 383,239.97 490,458.12 277,322.75

10/21/2002 10:00 390,606.02 506,974.72 303,619.56
10/21/2002 11:00 399,486.30 517,580.97 309,083.89
10/21/2002 12:00 406,868.13 519,402.66 308,925.71
10/21/2002 13:00 408,950.18 520,414.71 317,586.05
10/21/2002 14:00 408,729.36 521,406.51 316,493.63
10/21/2002 15:00 403,240.31 514,686.52 319,040.07
10/21/2002 16:00 399,549.39 503,918.34 301,236.78
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10/21/2002 17:00 389,848.91 490,579.57 294,354.29
10/21/2002 18:00 376,425.97 469,448.03 280,461.95
10/21/2002 19:00 364,044.06 430,909.29 272,323.28
10/21/2002 20:00 356,756.87 409,291.97 261,113.95
10/21/2002 21:00 345,762.99 386,945.97 246,054.92
10/21/2002 22:00 338,381.16 362,333.00 232,410.94
10/21/2002 23:00 325,478.73 338,995.20 190,521.03
10/22/2002 0:00 317,150.51 322,033.29 168,833.49
10/22/2002 1:00 310,636.21 310,070.90 162,025.18
10/22/2002 2:00 306,409.01 304,261.75 160,090.16
10/22/2002 3:00 303,002.01 303,027.05 160,137.49
10/22/2002 4:00 301,140.78 306,245.36 159,322.40
10/22/2002 5:00 304,831.69 318,693.54 158,543.36
10/22/2002 6:00 324,674.30 351,240.96 163,025.92
10/22/2002 7:00 356,094.39 412,631.72 210,114.49
10/22/2002 8:00 373,066.29 469,630.20 233,494.81
10/22/2002 9:00 390,117.06 502,177.62 287,828.20

10/22/2002 10:00 398,681.87 516,366.52 316,692.49
10/22/2002 11:00 403,871.23 523,025.79 327,240.52
10/22/2002 12:00 405,417.00 523,734.22 326,679.66
10/22/2002 13:00 408,413.90 521,710.13 324,214.23
10/22/2002 14:00 407,483.28 521,163.62 322,755.91
10/22/2002 15:00 402,514.74 515,820.01 310,908.25
10/22/2002 16:00 398,240.22 505,861.47 302,368.60
10/22/2002 17:00 387,719.54 491,368.96 302,977.97
10/22/2002 18:00 376,425.97 473,050.92 291,024.59
10/22/2002 19:00 364,880.03 435,180.12 285,485.12
10/22/2002 20:00 358,208.00 411,903.05 272,005.78
10/22/2002 21:00 348,318.24 388,443.80 254,361.55
10/22/2002 22:00 343,412.79 362,312.75 247,113.68
10/22/2002 23:00 332,876.33 336,991.34 195,861.79
10/23/2002 0:00 325,021.31 319,442.45 166,136.53
10/23/2002 1:00 318,301.95 308,815.96 164,228.67
10/23/2002 2:00 313,349.19 303,937.89 156,439.36
10/23/2002 3:00 308,633.02 300,415.97 156,116.85
10/23/2002 4:00 308,396.42 302,318.62 152,356.02
10/23/2002 5:00 309,942.19 312,783.18 153,586.74
10/23/2002 6:00 324,832.03 345,391.33 162,175.18
10/23/2002 7:00 357,009.24 406,782.09 217,071.73
10/23/2002 8:00 382,451.31 468,010.92 251,766.19
10/23/2002 9:00 397,041.46 507,055.69 294,056.58

10/23/2002 10:00 408,587.40 529,077.83 330,960.53
10/23/2002 11:00 415,543.36 533,308.18 332,722.11
10/23/2002 12:00 415,858.82 533,470.11 330,263.59
10/23/2002 13:00 416,316.24 531,223.37 330,585.65
10/23/2002 14:00 417,956.65 526,547.71 326,576.54
10/23/2002 15:00 410,606.36 518,613.26 321,017.81
10/23/2002 16:00 404,265.56 506,731.83 317,370.70
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10/23/2002 17:00 393,113.95 494,931.37 310,212.26
10/23/2002 18:00 383,728.93 476,856.21 305,504.48
10/23/2002 19:00 374,438.56 441,697.71 321,493.74
10/23/2002 20:00 366,820.13 419,088.58 310,074.39
10/23/2002 21:00 356,520.27 397,673.67 283,971.08
10/23/2002 22:00 345,826.08 372,655.87 282,621.46
10/23/2002 23:00 331,977.26 347,921.45 227,546.11
10/24/2002 0:00 322,891.94 331,101.23 218,351.38
10/24/2002 1:00 320,336.69 320,899.80 201,987.10
10/24/2002 2:00 316,172.58 315,738.36 200,355.09
10/24/2002 3:00 311,598.37 313,228.48 194,782.67
10/24/2002 4:00 312,276.61 315,677.64 196,528.90
10/24/2002 5:00 314,122.07 325,838.59 199,103.03
10/24/2002 6:00 330,920.46 360,207.70 203,884.89
10/24/2002 7:00 364,848.49 422,893.88 231,682.28
10/24/2002 8:00 387,640.67 479,062.47 257,250.41
10/24/2002 9:00 405,006.90 509,808.45 306,400.76

10/24/2002 10:00 409,770.39 523,997.35 337,000.10
10/24/2002 11:00 414,344.60 528,450.36 346,283.44
10/24/2002 12:00 414,328.83 525,596.38 339,606.83
10/24/2002 13:00 414,833.57 524,442.65 342,897.87
10/24/2002 14:00 414,265.73 523,491.33 337,410.42
10/24/2002 15:00 411,978.63 518,471.58 333,540.87
10/24/2002 16:00 406,805.04 508,148.70 324,639.94
10/24/2002 17:00 397,041.46 494,708.72 328,503.71
10/24/2002 18:00 385,795.22 476,006.09 321,635.91
10/24/2002 19:00 372,798.15 438,256.75 321,672.78
10/24/2002 20:00 365,021.99 414,898.71 306,364.22
10/24/2002 21:00 354,737.90 394,455.36 291,299.19
10/24/2002 22:00 346,804.02 369,700.70 292,250.88
10/24/2002 23:00 331,535.62 342,719.53 239,119.48
10/25/2002 0:00 324,043.38 323,409.68 199,835.42
10/25/2002 1:00 319,611.12 313,694.03 194,860.06
10/25/2002 2:00 315,604.75 309,463.67 203,066.59
10/25/2002 3:00 311,724.55 306,832.35 196,097.68
10/25/2002 4:00 311,693.01 309,402.95 166,469.73
10/25/2002 5:00 313,617.33 321,952.33 170,822.02
10/25/2002 6:00 328,223.26 356,139.27 177,278.45
10/25/2002 7:00 360,621.29 417,246.65 220,569.32
10/25/2002 8:00 381,394.51 474,224.89 249,205.51
10/25/2002 9:00 395,684.97 504,120.75 287,529.56

10/25/2002 10:00 402,546.29 517,763.14 323,166.15
10/25/2002 11:00 406,252.98 522,317.35 346,841.48
10/25/2002 12:00 405,417.00 523,207.95 348,957.96
10/25/2002 13:00 406,473.80 521,608.92 346,236.53
10/25/2002 14:00 406,663.08 521,527.96 347,176.32
10/25/2002 15:00 401,142.48 512,176.64 333,173.85
10/25/2002 16:00 394,265.39 497,987.75 328,673.31
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10/25/2002 17:00 380,511.21 483,495.24 319,392.45
10/25/2002 18:00 368,807.54 464,590.20 318,722.71
10/25/2002 19:00 353,476.05 425,545.44 320,344.62
10/25/2002 20:00 345,904.95 402,916.07 299,518.43
10/25/2002 21:00 336,819.62 382,047.67 287,749.87
10/25/2002 22:00 328,475.63 360,187.46 288,650.58
10/25/2002 23:00 317,245.15 337,537.85 234,937.70
10/26/2002 0:00 310,399.61 318,895.95 196,081.54
10/26/2002 1:00 304,326.95 305,881.02 173,614.42
10/26/2002 2:00 300,667.58 299,525.37 165,238.44
10/26/2002 3:00 297,907.28 294,181.76 163,114.98
10/26/2002 4:00 295,651.72 293,189.96 164,256.32
10/26/2002 5:00 294,421.42 296,752.36 165,190.35
10/26/2002 6:00 299,484.60 308,593.31 166,767.06
10/26/2002 7:00 309,863.32 335,959.06 207,688.42
10/26/2002 8:00 315,667.84 364,357.09 229,089.88
10/26/2002 9:00 320,762.56 383,484.77 248,921.71

10/26/2002 10:00 322,828.84 393,524.28 287,115.58
10/26/2002 11:00 324,485.02 398,746.44 312,993.95
10/26/2002 12:00 326,709.04 398,280.90 305,859.09
10/26/2002 13:00 324,658.53 396,034.15 310,076.20
10/26/2002 14:00 324,516.57 373,708.40 314,087.99
10/26/2002 15:00 320,731.02 368,870.82 296,470.56
10/26/2002 16:00 319,106.38 363,952.27 294,404.50
10/26/2002 17:00 316,330.31 361,199.50 286,991.18
10/26/2002 18:00 317,118.97 358,770.59 302,935.17
10/26/2002 19:00 316,156.81 355,613.00 313,088.37
10/26/2002 20:00 311,298.68 348,103.62 285,976.67
10/26/2002 21:00 307,576.22 339,723.87 277,454.98
10/26/2002 22:00 307,055.70 333,105.08 276,843.00
10/26/2002 23:00 296,992.44 321,203.41 232,197.09
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January 13 - 19, 2002

DATE  -  TIME G2-ENTR-MEAN G3-ENTR-MEAN

1/13/2002 0:00 45,275.86 36,902.77
1/13/2002 1:00 44,309.54 36,741.17
1/13/2002 2:00 43,468.49 36,444.38
1/13/2002 3:00 43,037.02 36,302.98
1/13/2002 4:00 42,830.24 36,141.38
1/13/2002 5:00 42,985.33 35,999.98
1/13/2002 6:00 43,414.80 36,186.44
1/13/2002 7:00 44,446.74 36,814.20
1/13/2002 8:00 45,391.19 37,303.67
1/13/2002 9:00 46,705.46 37,822.66

1/13/2002 10:00 48,451.20 38,085.26
1/13/2002 11:00 50,194.95 38,316.79
1/13/2002 12:00 51,980.45 38,688.16
1/13/2002 13:00 52,020.22 38,779.84
1/13/2002 14:00 52,081.86 38,703.70
1/13/2002 15:00 51,767.70 38,587.16
1/13/2002 16:00 51,300.45 38,364.96
1/13/2002 17:00 51,775.66 38,420.90
1/13/2002 18:00 52,143.50 38,552.98
1/13/2002 19:00 51,610.63 38,574.73
1/13/2002 20:00 50,200.91 38,361.85
1/13/2002 21:00 49,153.07 38,124.11
1/13/2002 22:00 48,685.82 37,856.85
1/13/2002 23:00 47,500.79 37,614.44
1/14/2002 0:00 46,425.11 37,013.10
1/14/2002 1:00 45,717.27 36,834.40
1/14/2002 2:00 45,367.33 36,728.74
1/14/2002 3:00 45,295.75 36,517.41
1/14/2002 4:00 45,184.40 36,658.81
1/14/2002 5:00 46,574.23 37,084.57
1/14/2002 6:00 49,544.77 39,264.65
1/14/2002 7:00 53,565.14 42,133.09
1/14/2002 8:00 57,430.42 44,735.81
1/14/2002 9:00 60,635.58 47,004.46

1/14/2002 10:00 62,854.53 48,160.53
1/14/2002 11:00 63,812.90 48,651.56
1/14/2002 12:00 63,930.21 48,758.77
1/14/2002 13:00 63,631.97 48,065.75
1/14/2002 14:00 63,419.22 47,938.33
1/14/2002 15:00 62,761.08 47,461.29
1/14/2002 16:00 62,600.03 46,953.18
1/14/2002 17:00 62,685.53 46,090.78
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1/14/2002 18:00 61,482.60 44,616.16
1/14/2002 19:00 59,021.07 42,757.74
1/14/2002 20:00 57,169.95 42,291.58
1/14/2002 21:00 55,137.89 41,161.92
1/14/2002 22:00 52,332.39 40,151.91
1/14/2002 23:00 48,389.56 39,145.00
1/15/2002 0:00 46,637.86 38,329.22
1/15/2002 1:00 45,299.72 37,875.49
1/15/2002 2:00 44,890.13 37,634.64
1/15/2002 3:00 44,754.93 37,516.55
1/15/2002 4:00 44,566.04 37,505.67
1/15/2002 5:00 45,890.25 37,434.19
1/15/2002 6:00 48,172.84 38,773.63
1/15/2002 7:00 52,624.67 42,018.10
1/15/2002 8:00 56,360.71 44,696.97
1/15/2002 9:00 60,345.28 46,774.48

1/15/2002 10:00 62,631.84 48,085.95
1/15/2002 11:00 64,403.43 48,897.07
1/15/2002 12:00 64,733.49 48,847.34
1/15/2002 13:00 64,753.37 48,752.56
1/15/2002 14:00 64,618.17 48,839.57
1/15/2002 15:00 64,309.98 48,272.41
1/15/2002 16:00 63,657.81 47,509.46
1/15/2002 17:00 63,003.66 46,429.53
1/15/2002 18:00 61,391.14 44,664.33
1/15/2002 19:00 58,617.44 42,863.40
1/15/2002 20:00 57,205.74 42,251.18
1/15/2002 21:00 55,465.97 41,314.20
1/15/2002 22:00 52,865.25 40,231.15
1/15/2002 23:00 48,832.96 39,267.76
1/16/2002 0:00 46,983.82 38,391.38
1/16/2002 1:00 45,496.57 37,928.32
1/16/2002 2:00 44,937.85 37,662.61
1/16/2002 3:00 44,643.58 37,570.93
1/16/2002 4:00 44,615.74 37,445.07
1/16/2002 5:00 45,717.27 37,685.92
1/16/2002 6:00 48,150.96 38,747.21
1/16/2002 7:00 52,916.95 42,109.78
1/16/2002 8:00 56,961.18 44,690.75
1/16/2002 9:00 60,723.06 46,835.09

1/16/2002 10:00 63,403.31 48,238.23
1/16/2002 11:00 64,260.27 48,716.82
1/16/2002 12:00 64,419.34 48,556.77
1/16/2002 13:00 64,073.37 48,329.90
1/16/2002 14:00 64,063.43 48,416.92
1/16/2002 15:00 63,582.26 48,053.32
1/16/2002 16:00 62,769.04 47,618.23
1/16/2002 17:00 62,983.78 46,780.70
1/16/2002 18:00 61,438.86 45,261.02
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1/16/2002 19:00 58,788.44 43,295.38
1/16/2002 20:00 57,026.79 42,554.18
1/16/2002 21:00 55,181.64 41,687.13
1/16/2002 22:00 52,568.99 40,586.99
1/16/2002 23:00 48,930.38 39,412.27
1/17/2002 0:00 46,922.19 38,458.19
1/17/2002 1:00 45,764.99 38,038.65
1/17/2002 2:00 45,081.01 37,678.15
1/17/2002 3:00 44,923.93 37,541.41
1/17/2002 4:00 44,822.53 37,485.47
1/17/2002 5:00 46,013.53 37,577.15
1/17/2002 6:00 48,518.80 38,703.70
1/17/2002 7:00 52,692.27 42,108.22
1/17/2002 8:00 56,921.41 44,687.64
1/17/2002 9:00 61,128.68 46,347.17

1/17/2002 10:00 63,795.01 47,953.87
1/17/2002 11:00 64,749.40 49,091.30
1/17/2002 12:00 65,047.64 49,074.21
1/17/2002 13:00 64,797.12 49,016.71
1/17/2002 14:00 64,477.00 48,637.57
1/17/2002 15:00 63,091.14 48,082.84
1/17/2002 16:00 62,174.53 47,385.15
1/17/2002 17:00 62,061.20 46,549.17
1/17/2002 18:00 60,792.65 45,128.94
1/17/2002 19:00 57,889.72 43,146.21
1/17/2002 20:00 56,696.73 42,314.89
1/17/2002 21:00 54,664.68 41,317.31
1/17/2002 22:00 52,199.17 40,315.06
1/17/2002 23:00 48,679.86 39,328.36
1/18/2002 0:00 46,729.32 38,240.65
1/18/2002 1:00 45,528.38 37,852.18
1/18/2002 2:00 44,983.58 37,609.78
1/18/2002 3:00 44,902.06 37,602.01
1/18/2002 4:00 44,983.58 37,510.33
1/18/2002 5:00 46,277.97 37,412.44
1/18/2002 6:00 48,739.50 38,624.46
1/18/2002 7:00 53,022.33 41,774.14
1/18/2002 8:00 56,730.53 44,571.10
1/18/2002 9:00 60,418.85 46,572.48

1/18/2002 10:00 62,934.07 47,894.82
1/18/2002 11:00 63,667.75 48,618.92
1/18/2002 12:00 63,767.17 48,379.63
1/18/2002 13:00 64,188.69 48,287.95
1/18/2002 14:00 64,051.50 48,301.94
1/18/2002 15:00 63,753.25 47,786.05
1/18/2002 16:00 62,546.35 46,911.22
1/18/2002 17:00 62,355.47 45,904.32
1/18/2002 18:00 61,293.71 44,675.21
1/18/2002 19:00 58,798.38 42,976.84
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1/18/2002 20:00 57,046.67 41,935.74
1/18/2002 21:00 55,235.32 40,579.22
1/18/2002 22:00 52,835.43 39,931.26
1/18/2002 23:00 49,797.29 39,068.86
1/19/2002 0:00 48,166.87 38,349.42
1/19/2002 1:00 46,920.20 37,769.83
1/19/2002 2:00 46,279.96 37,591.13
1/19/2002 3:00 45,894.23 37,429.53
1/19/2002 4:00 45,796.80 37,166.93
1/19/2002 5:00 46,458.91 36,868.59
1/19/2002 6:00 46,906.28 37,362.72
1/19/2002 7:00 49,065.59 38,700.60
1/19/2002 8:00 50,680.10 39,193.17
1/19/2002 9:00 52,996.48 39,287.96

1/19/2002 10:00 55,004.68 39,718.38
1/19/2002 11:00 55,585.26 39,889.30
1/19/2002 12:00 55,738.36 39,879.98
1/19/2002 13:00 55,211.46 39,895.52
1/19/2002 14:00 54,382.34 39,457.33
1/19/2002 15:00 54,416.14 39,225.80
1/19/2002 16:00 54,064.21 39,218.03
1/19/2002 17:00 54,356.49 39,135.68
1/19/2002 18:00 54,284.91 39,016.03
1/19/2002 19:00 53,658.59 38,921.24
1/19/2002 20:00 53,159.52 38,576.29
1/19/2002 21:00 52,493.44 38,284.16
1/19/2002 22:00 51,362.09 37,898.80
1/19/2002 23:00 49,212.72 37,546.07
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May 12 - 18, 2002

DATE  -  TIME G2-ENTR-MEAN G3-ENTR-MEAN

5/12/2002 0:00 43,862.63 39,731.43
5/12/2002 1:00 42,259.46 38,947.72
5/12/2002 2:00 41,090.79 38,969.54
5/12/2002 3:00 40,746.18 39,025.10
5/12/2002 4:00 40,558.89 38,790.98
5/12/2002 5:00 40,211.78 38,662.01
5/12/2002 6:00 40,898.50 38,796.93
5/12/2002 7:00 41,462.86 39,102.48
5/12/2002 8:00 42,569.10 39,925.88
5/12/2002 9:00 44,117.34 40,495.31

5/12/2002 10:00 45,428.35 40,886.18
5/12/2002 11:00 47,653.32 41,253.23
5/12/2002 12:00 49,251.51 41,449.66
5/12/2002 13:00 48,981.81 41,362.36
5/12/2002 14:00 48,509.85 41,078.63
5/12/2002 15:00 48,140.27 40,489.36
5/12/2002 16:00 47,733.23 40,281.03
5/12/2002 17:00 47,396.12 39,892.15
5/12/2002 18:00 47,226.31 39,673.90
5/12/2002 19:00 46,612.01 39,570.72
5/12/2002 20:00 45,515.75 39,233.43
5/12/2002 21:00 44,394.53 38,826.69
5/12/2002 22:00 43,722.79 38,816.77
5/12/2002 23:00 42,646.52 38,415.98
5/13/2002 0:00 41,407.93 37,723.53
5/13/2002 1:00 40,399.07 37,324.73
5/13/2002 2:00 39,724.84 37,142.20
5/13/2002 3:00 39,762.30 36,997.36
5/13/2002 4:00 39,744.82 37,296.95
5/13/2002 5:00 40,498.96 37,832.66
5/13/2002 6:00 43,190.90 39,705.64
5/13/2002 7:00 47,518.48 42,590.51
5/13/2002 8:00 52,000.88 45,963.47
5/13/2002 9:00 56,490.78 48,326.52

5/13/2002 10:00 59,067.85 49,685.62
5/13/2002 11:00 60,581.13 50,667.75
5/13/2002 12:00 60,838.34 50,703.46
5/13/2002 13:00 61,080.56 50,465.37
5/13/2002 14:00 60,848.32 50,610.21
5/13/2002 15:00 60,321.42 50,044.74
5/13/2002 16:00 59,447.42 49,213.41
5/13/2002 17:00 58,628.35 47,651.93
5/13/2002 18:00 56,927.78 45,584.51
5/13/2002 19:00 54,230.85 43,955.57
5/13/2002 20:00 52,794.98 42,933.76
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5/13/2002 21:00 51,126.88 41,804.81
5/13/2002 22:00 48,502.36 41,017.13
5/13/2002 23:00 44,786.58 40,114.36
5/14/2002 0:00 42,943.68 38,977.48
5/14/2002 1:00 41,517.80 38,197.73
5/14/2002 2:00 40,828.58 37,878.29
5/14/2002 3:00 40,548.90 37,771.15
5/14/2002 4:00 40,431.54 37,495.36
5/14/2002 5:00 41,220.64 38,164.00
5/14/2002 6:00 43,358.21 39,584.61
5/14/2002 7:00 47,568.42 42,775.03
5/14/2002 8:00 51,848.56 46,251.16
5/14/2002 9:00 56,460.81 48,155.89

5/14/2002 10:00 58,900.54 49,449.52
5/14/2002 11:00 60,516.20 50,261.01
5/14/2002 12:00 61,779.76 51,227.26
5/14/2002 13:00 61,994.52 51,760.98
5/14/2002 14:00 62,351.61 52,316.53
5/14/2002 15:00 61,827.21 51,836.38
5/14/2002 16:00 61,794.75 50,995.12
5/14/2002 17:00 61,472.61 50,136.01
5/14/2002 18:00 59,317.56 48,272.95
5/14/2002 19:00 54,865.13 45,997.20
5/14/2002 20:00 52,185.67 43,991.28
5/14/2002 21:00 50,192.94 42,588.53
5/14/2002 22:00 47,685.79 41,409.98
5/14/2002 23:00 43,935.05 40,336.58
5/15/2002 0:00 42,501.68 39,253.27
5/15/2002 1:00 41,238.12 38,606.46
5/15/2002 2:00 40,516.44 38,251.30
5/15/2002 3:00 40,324.16 38,009.24
5/15/2002 4:00 40,191.81 38,015.20
5/15/2002 5:00 40,988.40 38,330.67
5/15/2002 6:00 43,233.35 39,290.97
5/15/2002 7:00 47,598.39 42,471.47
5/15/2002 8:00 52,040.84 45,834.50
5/15/2002 9:00 56,320.97 48,046.76

5/15/2002 10:00 58,835.61 49,622.13
5/15/2002 11:00 59,772.05 50,437.59
5/15/2002 12:00 60,341.40 51,137.98
5/15/2002 13:00 60,383.85 51,501.07
5/15/2002 14:00 60,556.16 51,584.40
5/15/2002 15:00 60,850.82 51,977.25
5/15/2002 16:00 60,368.87 51,384.01
5/15/2002 17:00 59,769.55 50,141.96
5/15/2002 18:00 58,525.96 48,403.90
5/15/2002 19:00 55,736.64 46,685.68
5/15/2002 20:00 53,634.03 45,493.24
5/15/2002 21:00 51,596.34 44,433.73
5/15/2002 22:00 48,797.02 43,187.72
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5/15/2002 23:00 44,859.00 41,810.76
5/16/2002 0:00 42,948.67 40,431.82
5/16/2002 1:00 41,655.14 39,757.23
5/16/2002 2:00 40,881.02 39,225.49
5/16/2002 3:00 40,703.73 38,858.43
5/16/2002 4:00 40,548.90 38,765.18
5/16/2002 5:00 41,063.32 39,205.65
5/16/2002 6:00 43,478.07 40,380.23
5/16/2002 7:00 47,690.78 43,402.00
5/16/2002 8:00 52,562.74 47,649.94
5/16/2002 9:00 57,766.83 50,443.55

5/16/2002 10:00 62,144.35 53,360.16
5/16/2002 11:00 66,314.61 54,979.18
5/16/2002 12:00 67,800.42 56,040.67
5/16/2002 13:00 69,036.51 56,612.09
5/16/2002 14:00 70,921.87 57,296.60
5/16/2002 15:00 71,271.47 56,715.26
5/16/2002 16:00 71,134.13 56,004.95
5/16/2002 17:00 69,935.49 54,870.05
5/16/2002 18:00 67,043.78 52,901.84
5/16/2002 19:00 62,458.99 50,544.73
5/16/2002 20:00 59,617.22 48,955.48
5/16/2002 21:00 57,212.46 47,483.28
5/16/2002 22:00 53,701.45 46,096.40
5/16/2002 23:00 48,544.81 45,013.09
5/17/2002 0:00 46,454.69 43,614.30
5/17/2002 1:00 44,724.15 42,844.47
5/17/2002 2:00 43,977.50 42,471.47
5/17/2002 3:00 43,867.63 42,271.07
5/17/2002 4:00 43,607.92 41,957.59
5/17/2002 5:00 44,119.84 42,350.44
5/17/2002 6:00 47,076.48 44,157.94
5/17/2002 7:00 52,263.08 47,848.35
5/17/2002 8:00 57,594.52 51,225.28
5/17/2002 9:00 62,968.41 53,501.03

5/17/2002 10:00 66,164.78 54,897.83
5/17/2002 11:00 68,337.31 56,177.57
5/17/2002 12:00 70,267.62 57,266.84
5/17/2002 13:00 69,520.96 56,260.90
5/17/2002 14:00 68,267.39 55,719.25
5/17/2002 15:00 68,639.47 55,522.82
5/17/2002 16:00 68,189.98 54,901.80
5/17/2002 17:00 67,470.79 53,737.14
5/17/2002 18:00 64,901.22 51,596.30
5/17/2002 19:00 60,199.06 49,243.17
5/17/2002 20:00 57,207.46 47,765.02
5/17/2002 21:00 54,645.38 45,755.14
5/17/2002 22:00 51,299.18 44,370.24
5/17/2002 23:00 47,016.55 43,150.02
5/18/2002 0:00 44,581.82 41,699.65
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5/18/2002 1:00 42,486.70 40,842.53
5/18/2002 2:00 40,803.61 40,233.41
5/18/2002 3:00 40,176.82 39,862.39
5/18/2002 4:00 39,592.49 39,350.49
5/18/2002 5:00 39,647.43 38,429.87
5/18/2002 6:00 40,346.63 38,548.92
5/18/2002 7:00 41,932.33 39,527.07
5/18/2002 8:00 43,970.01 40,160.00
5/18/2002 9:00 46,791.80 40,642.13

5/18/2002 10:00 48,427.44 40,943.71
5/18/2002 11:00 49,795.89 41,003.24
5/18/2002 12:00 49,880.79 41,031.01
5/18/2002 13:00 49,845.83 41,036.97
5/18/2002 14:00 49,231.53 40,673.88
5/18/2002 15:00 49,226.54 40,511.18
5/18/2002 16:00 48,602.25 40,241.35
5/18/2002 17:00 48,534.82 40,058.81
5/18/2002 18:00 48,255.14 40,019.13
5/18/2002 19:00 47,590.90 39,894.13
5/18/2002 20:00 47,543.45 39,707.63
5/18/2002 21:00 47,031.53 39,314.78
5/18/2002 22:00 46,409.74 39,213.59
5/18/2002 23:00 44,357.07 38,896.13
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August 11 - 17, 2002

DATE  -  TIME G2-ENTR-MEAN G3-ENTR-MEAN

8/11/2002 0:00 53,481.83 46,943.09
8/11/2002 1:00 51,375.28 46,342.44
8/11/2002 2:00 49,651.48 45,728.29
8/11/2002 3:00 49,216.14 45,582.06
8/11/2002 4:00 48,789.57 45,363.85
8/11/2002 5:00 48,801.26 45,210.87
8/11/2002 6:00 49,461.57 45,728.29
8/11/2002 7:00 51,036.37 46,560.65
8/11/2002 8:00 53,604.55 48,097.15
8/11/2002 9:00 57,353.09 49,604.40

8/11/2002 10:00 60,336.16 50,987.93
8/11/2002 11:00 64,444.08 52,016.01
8/11/2002 12:00 67,646.27 52,456.94
8/11/2002 13:00 68,213.08 52,837.13
8/11/2002 14:00 69,057.45 52,976.60
8/11/2002 15:00 69,694.38 53,491.77
8/11/2002 16:00 69,650.56 53,374.79
8/11/2002 17:00 68,978.56 53,253.31
8/11/2002 18:00 69,536.61 54,366.88
8/11/2002 19:00 67,245.99 53,880.96
8/11/2002 20:00 64,113.92 52,909.11
8/11/2002 21:00 61,364.60 52,189.23
8/11/2002 22:00 59,868.68 51,590.83
8/11/2002 23:00 58,086.44 50,747.22
8/12/2002 0:00 56,242.85 49,856.36
8/12/2002 1:00 54,805.37 48,839.53
8/12/2002 2:00 54,080.78 48,452.59
8/12/2002 3:00 53,528.58 48,178.14
8/12/2002 4:00 53,306.53 48,081.40
8/12/2002 5:00 54,530.73 48,358.11
8/12/2002 6:00 58,112.74 51,059.92
8/12/2002 7:00 62,989.07 54,769.56
8/12/2002 8:00 68,896.76 58,177.75
8/12/2002 9:00 76,297.44 61,657.94

8/12/2002 10:00 81,734.73 64,350.75
8/12/2002 11:00 85,360.57 66,033.47
8/12/2002 12:00 88,180.02 67,884.92
8/12/2002 13:00 88,641.65 65,853.50
8/12/2002 14:00 88,144.96 66,834.34
8/12/2002 15:00 88,828.64 68,051.39
8/12/2002 16:00 90,423.89 67,914.17
8/12/2002 17:00 89,941.81 66,958.07
8/12/2002 18:00 87,738.84 65,318.09
8/12/2002 19:00 82,795.31 63,743.35
8/12/2002 20:00 77,956.97 60,821.07
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8/12/2002 21:00 72,256.72 57,806.57
8/12/2002 22:00 68,575.37 56,348.80
8/12/2002 23:00 63,135.15 54,679.58
8/13/2002 0:00 60,809.47 53,570.51
8/13/2002 1:00 58,515.93 52,776.39
8/13/2002 2:00 57,347.25 52,186.98
8/13/2002 3:00 56,689.87 52,083.50
8/13/2002 4:00 57,212.85 52,303.96
8/13/2002 5:00 58,705.84 53,140.83
8/13/2002 6:00 61,867.13 54,868.54
8/13/2002 7:00 67,903.38 58,499.45
8/13/2002 8:00 73,700.04 61,970.64
8/13/2002 9:00 81,083.19 65,282.09

8/13/2002 10:00 86,719.16 67,943.41
8/13/2002 11:00 90,865.07 69,662.13
8/13/2002 12:00 91,762.03 69,497.91
8/13/2002 13:00 92,676.52 68,906.25
8/13/2002 14:00 93,482.91 69,806.11
8/13/2002 15:00 89,860.00 68,773.52
8/13/2002 16:00 86,774.68 66,330.42
8/13/2002 17:00 70,974.09 60,047.20
8/13/2002 18:00 86,383.17 64,593.71
8/13/2002 19:00 83,928.94 63,576.87
8/13/2002 20:00 80,902.05 61,786.17
8/13/2002 21:00 76,794.13 59,743.50
8/13/2002 22:00 72,963.77 58,778.41
8/13/2002 23:00 67,184.64 57,523.11
8/14/2002 0:00 63,523.74 56,000.11
8/14/2002 1:00 61,005.23 55,570.43
8/14/2002 2:00 59,611.57 54,963.03
8/14/2002 3:00 58,653.25 54,348.88
8/14/2002 4:00 58,586.06 54,056.43
8/14/2002 5:00 59,997.24 55,044.02
8/14/2002 6:00 63,219.88 56,328.56
8/14/2002 7:00 68,738.98 59,718.75
8/14/2002 8:00 74,988.51 63,241.68
8/14/2002 9:00 81,997.69 66,235.94

8/14/2002 10:00 87,423.30 68,622.80
8/14/2002 11:00 91,776.64 71,095.15
8/14/2002 12:00 93,965.00 72,181.72
8/14/2002 13:00 94,838.59 72,102.98
8/14/2002 14:00 94,943.77 71,551.82
8/14/2002 15:00 94,239.64 70,582.23
8/14/2002 16:00 93,006.68 70,186.29
8/14/2002 17:00 92,682.37 69,119.97
8/14/2002 18:00 90,984.86 67,104.30
8/14/2002 19:00 86,228.32 65,786.01
8/14/2002 20:00 82,736.88 64,429.48
8/14/2002 21:00 78,173.17 62,247.34
8/14/2002 22:00 72,423.26 59,532.03
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8/14/2002 23:00 65,790.98 56,935.96
8/15/2002 0:00 63,395.18 55,161.00
8/15/2002 1:00 60,756.88 54,276.89
8/15/2002 2:00 59,263.89 53,390.54
8/15/2002 3:00 58,761.36 54,139.66
8/15/2002 4:00 58,653.25 53,370.29
8/15/2002 5:00 59,716.76 53,745.98
8/15/2002 6:00 62,769.94 55,460.20
8/15/2002 7:00 68,566.60 59,554.53
8/15/2002 8:00 74,442.16 63,525.13
8/15/2002 9:00 81,121.18 66,418.16

8/15/2002 10:00 86,269.22 68,993.99
8/15/2002 11:00 89,322.41 70,555.23
8/15/2002 12:00 91,110.49 71,500.08
8/15/2002 13:00 91,613.02 70,928.67
8/15/2002 14:00 92,559.66 71,421.34
8/15/2002 15:00 92,723.27 70,903.93
8/15/2002 16:00 92,948.24 70,559.73
8/15/2002 17:00 91,773.72 69,425.92
8/15/2002 18:00 90,347.92 68,267.36
8/15/2002 19:00 84,954.45 66,042.47
8/15/2002 20:00 81,509.76 64,114.54
8/15/2002 21:00 76,995.73 61,403.73
8/15/2002 22:00 73,285.16 59,592.77
8/15/2002 23:00 67,248.91 57,408.38
8/16/2002 0:00 63,573.41 55,851.63
8/16/2002 1:00 61,279.87 55,417.46
8/16/2002 2:00 60,131.64 55,581.68
8/16/2002 3:00 59,970.94 55,511.94
8/16/2002 4:00 60,613.72 55,631.17
8/16/2002 5:00 62,752.41 56,465.78
8/16/2002 6:00 66,950.90 58,782.91
8/16/2002 7:00 72,706.66 62,787.25
8/16/2002 8:00 77,860.55 66,123.46
8/16/2002 9:00 83,537.43 68,539.56

8/16/2002 10:00 88,390.38 70,845.44
8/16/2002 11:00 91,496.15 72,638.39
8/16/2002 12:00 93,363.12 73,239.05
8/16/2002 13:00 95,005.12 73,560.74
8/16/2002 14:00 95,715.10 73,697.97
8/16/2002 15:00 95,586.54 73,342.53
8/16/2002 16:00 94,575.63 72,397.68
8/16/2002 17:00 93,003.76 70,807.19
8/16/2002 18:00 90,231.06 68,674.54
8/16/2002 19:00 84,855.12 66,755.60
8/16/2002 20:00 81,790.25 64,769.18
8/16/2002 21:00 74,801.52 59,563.53
8/16/2002 22:00 70,167.70 56,688.50
8/16/2002 23:00 65,384.87 55,835.89
8/17/2002 0:00 64,911.55 56,877.47
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8/17/2002 1:00 62,571.26 56,148.59
8/17/2002 2:00 60,385.83 55,095.76
8/17/2002 3:00 59,389.52 54,888.79
8/17/2002 4:00 58,846.09 54,393.87
8/17/2002 5:00 58,571.45 54,092.42
8/17/2002 6:00 60,438.42 54,450.11
8/17/2002 7:00 62,965.69 56,182.33
8/17/2002 8:00 66,828.19 57,712.08
8/17/2002 9:00 72,288.86 58,922.38

8/17/2002 10:00 75,099.54 59,745.75
8/17/2002 11:00 76,420.15 59,619.77
8/17/2002 12:00 76,589.61 59,118.10
8/17/2002 13:00 76,282.83 58,859.39
8/17/2002 14:00 74,564.87 58,038.28
8/17/2002 15:00 74,760.62 57,336.39
8/17/2002 16:00 75,347.88 57,741.33
8/17/2002 17:00 74,243.48 57,194.66
8/17/2002 18:00 72,940.40 56,058.60
8/17/2002 19:00 70,430.65 54,805.55
8/17/2002 20:00 67,920.91 53,314.05
8/17/2002 21:00 66,918.76 53,005.85
8/17/2002 22:00 65,341.04 53,131.83
8/17/2002 23:00 61,291.56 52,375.95
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October 20 - 26, 2002

DATE  -  TIME G2-ENTR-MEAN G3-ENTR-MEAN

10/20/2002 0:00 45,299.24 41,531.64
10/20/2002 1:00 43,672.60 40,846.94
10/20/2002 2:00 42,205.17 40,378.34
10/20/2002 3:00 41,279.07 39,924.73
10/20/2002 4:00 41,000.44 39,473.25
10/20/2002 5:00 40,989.83 38,927.62
10/20/2002 6:00 41,637.30 38,938.32
10/20/2002 7:00 42,871.21 39,430.45
10/20/2002 8:00 43,998.99 39,926.87
10/20/2002 9:00 45,575.21 40,359.09

10/20/2002 10:00 46,931.19 41,473.87
10/20/2002 11:00 48,916.07 41,968.14
10/20/2002 12:00 50,643.55 42,652.85
10/20/2002 13:00 51,049.54 42,809.05
10/20/2002 14:00 50,802.76 42,708.48
10/20/2002 15:00 51,394.51 42,806.91
10/20/2002 16:00 51,362.67 42,896.77
10/20/2002 17:00 50,951.36 42,806.91
10/20/2002 18:00 50,333.08 42,494.51
10/20/2002 19:00 49,868.70 42,400.36
10/20/2002 20:00 48,077.54 41,856.88
10/20/2002 21:00 46,259.83 41,274.88
10/20/2002 22:00 45,588.48 40,617.99
10/20/2002 23:00 44,158.20 39,851.98
10/21/2002 0:00 43,163.11 38,784.26
10/21/2002 1:00 42,356.42 38,441.91
10/21/2002 2:00 41,889.39 38,270.73
10/21/2002 3:00 41,531.16 38,420.51
10/21/2002 4:00 41,422.36 38,431.21
10/21/2002 5:00 42,574.01 38,628.07
10/21/2002 6:00 45,108.18 40,857.64
10/21/2002 7:00 49,438.82 43,684.18
10/21/2002 8:00 53,299.78 46,335.28
10/21/2002 9:00 56,969.68 48,566.99

10/21/2002 10:00 60,002.72 49,037.72
10/21/2002 11:00 62,637.72 50,486.30
10/21/2002 12:00 63,372.76 50,952.76
10/21/2002 13:00 63,455.02 51,098.26
10/21/2002 14:00 63,593.01 51,524.06
10/21/2002 15:00 63,194.97 51,145.33
10/21/2002 16:00 62,409.51 50,725.95
10/21/2002 17:00 61,406.46 49,983.47
10/21/2002 18:00 59,641.83 48,062.02
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10/21/2002 19:00 57,250.96 46,236.85
10/21/2002 20:00 55,488.98 45,423.76
10/21/2002 21:00 53,023.81 44,238.37
10/21/2002 22:00 50,574.55 43,527.99
10/21/2002 23:00 46,519.89 42,492.37
10/22/2002 0:00 44,805.67 41,471.73
10/22/2002 1:00 43,723.01 40,930.39
10/22/2002 2:00 43,080.85 40,579.47
10/22/2002 3:00 42,682.81 40,027.43
10/22/2002 4:00 42,751.80 40,089.48
10/22/2002 5:00 43,730.97 40,012.45
10/22/2002 6:00 45,999.78 41,289.86
10/22/2002 7:00 50,574.55 44,681.29
10/22/2002 8:00 54,440.82 47,090.59
10/22/2002 9:00 57,980.69 49,189.64

10/22/2002 10:00 60,451.17 50,015.57
10/22/2002 11:00 62,075.16 50,071.20
10/22/2002 12:00 62,483.81 50,381.46
10/22/2002 13:00 62,735.90 50,220.98
10/22/2002 14:00 62,895.12 50,681.01
10/22/2002 15:00 62,759.79 50,678.87
10/22/2002 16:00 62,178.65 49,859.37
10/22/2002 17:00 61,226.02 49,039.86
10/22/2002 18:00 60,268.08 47,381.59
10/22/2002 19:00 58,323.00 46,555.67
10/22/2002 20:00 56,316.90 45,659.13
10/22/2002 21:00 53,665.97 44,623.51
10/22/2002 22:00 51,060.16 42,958.83
10/22/2002 23:00 47,143.48 41,966.00
10/23/2002 0:00 45,248.82 40,609.43
10/23/2002 1:00 44,176.78 39,933.28
10/23/2002 2:00 43,324.98 39,909.75
10/23/2002 3:00 42,871.21 39,762.11
10/23/2002 4:00 42,788.95 39,618.75
10/23/2002 5:00 43,959.18 39,762.11
10/23/2002 6:00 46,212.07 40,799.86
10/23/2002 7:00 50,943.40 44,088.59
10/23/2002 8:00 54,764.55 46,930.11
10/23/2002 9:00 58,394.65 49,437.85

10/23/2002 10:00 61,796.54 50,944.20
10/23/2002 11:00 63,356.84 51,656.72
10/23/2002 12:00 63,409.91 51,962.70
10/23/2002 13:00 63,240.08 51,365.72
10/23/2002 14:00 63,107.40 50,929.22
10/23/2002 15:00 62,653.64 49,979.19
10/23/2002 16:00 61,841.65 50,139.67
10/23/2002 17:00 60,910.24 49,377.94
10/23/2002 18:00 59,761.24 47,608.40
10/23/2002 19:00 58,108.06 46,181.22
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10/23/2002 20:00 56,340.78 45,432.32
10/23/2002 21:00 53,995.02 44,475.87
10/23/2002 22:00 51,455.54 43,328.99
10/23/2002 23:00 47,578.66 42,058.01
10/24/2002 0:00 46,148.38 40,911.13
10/24/2002 1:00 44,864.05 40,656.50
10/24/2002 2:00 44,235.15 40,230.70
10/24/2002 3:00 43,550.53 39,956.82
10/24/2002 4:00 43,624.83 39,871.23
10/24/2002 5:00 44,643.81 39,976.08
10/24/2002 6:00 47,533.55 41,349.77
10/24/2002 7:00 52,118.94 44,914.51
10/24/2002 8:00 56,030.31 47,542.07
10/24/2002 9:00 59,063.35 49,602.60

10/24/2002 10:00 62,194.57 50,802.98
10/24/2002 11:00 63,545.25 51,590.39
10/24/2002 12:00 63,696.50 51,643.88
10/24/2002 13:00 63,624.85 51,566.85
10/24/2002 14:00 63,953.90 51,821.48
10/24/2002 15:00 64,006.97 51,830.04
10/24/2002 16:00 62,807.55 50,805.12
10/24/2002 17:00 61,371.96 49,829.41
10/24/2002 18:00 59,912.50 47,882.28
10/24/2002 19:00 58,084.18 45,975.81
10/24/2002 20:00 56,701.67 45,128.48
10/24/2002 21:00 54,111.77 44,191.29
10/24/2002 22:00 51,731.51 43,363.23
10/24/2002 23:00 47,639.70 41,953.16
10/25/2002 0:00 45,652.17 40,641.53
10/25/2002 1:00 44,367.83 40,179.35
10/25/2002 2:00 44,017.56 39,702.20
10/25/2002 3:00 43,497.46 39,370.54
10/25/2002 4:00 43,309.06 39,319.19
10/25/2002 5:00 44,540.32 39,165.13
10/25/2002 6:00 47,172.67 40,438.25
10/25/2002 7:00 51,869.50 43,966.63
10/25/2002 8:00 56,011.74 46,930.11
10/25/2002 9:00 59,275.64 48,815.19

10/25/2002 10:00 61,621.40 50,248.79
10/25/2002 11:00 62,778.36 51,014.81
10/25/2002 12:00 63,298.46 51,397.82
10/25/2002 13:00 63,378.07 51,239.48
10/25/2002 14:00 63,311.73 51,230.92
10/25/2002 15:00 62,842.05 50,788.00
10/25/2002 16:00 61,329.51 49,675.35
10/25/2002 17:00 59,806.35 48,305.94
10/25/2002 18:00 58,532.64 46,761.08
10/25/2002 19:00 56,622.06 45,259.01
10/25/2002 20:00 55,011.34 44,172.04
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10/25/2002 21:00 52,729.26 43,679.91
10/25/2002 22:00 50,510.87 42,877.52
10/25/2002 23:00 46,902.00 41,617.23
10/26/2002 0:00 45,023.27 40,513.14
10/26/2002 1:00 43,590.33 39,830.58
10/26/2002 2:00 42,780.99 39,406.92
10/26/2002 3:00 42,274.16 39,205.79
10/26/2002 4:00 41,990.23 39,098.80
10/26/2002 5:00 41,754.06 38,901.95
10/26/2002 6:00 42,903.06 39,306.35
10/26/2002 7:00 44,903.86 40,506.73
10/26/2002 8:00 46,612.76 40,523.84
10/26/2002 9:00 48,385.35 40,117.30

10/26/2002 10:00 50,126.10 40,331.27
10/26/2002 11:00 51,081.39 40,654.36
10/26/2002 12:00 51,643.95 41,182.87
10/26/2002 13:00 51,551.07 41,443.92
10/26/2002 14:00 51,259.18 41,277.02
10/26/2002 15:00 51,338.78 42,355.43
10/26/2002 16:00 51,269.79 42,505.21
10/26/2002 17:00 51,267.14 42,398.22
10/26/2002 18:00 50,914.21 42,135.04
10/26/2002 19:00 50,550.67 41,852.60
10/26/2002 20:00 49,900.54 41,041.65
10/26/2002 21:00 48,966.48 40,577.34
10/26/2002 22:00 48,175.72 40,232.84
10/26/2002 23:00 45,633.59 39,982.50
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January 13 - 19, 2002

DATE - TIME G2-ENTR-MEAN G3-ENTR-MEAN

1/13/2002 0:00 45,414.78 33,260.57
1/13/2002 1:00 43,182.08 32,928.17
1/13/2002 2:00 42,386.19 32,552.58
1/13/2002 3:00 41,998.82 32,325.35
1/13/2002 4:00 41,665.44 32,208.92
1/13/2002 5:00 42,071.60 32,387.32
1/13/2002 6:00 43,339.38 32,488.73
1/13/2002 7:00 45,565.04 33,561.05
1/13/2002 8:00 48,208.60 34,075.61
1/13/2002 9:00 49,640.73 33,970.44

1/13/2002 10:00 51,558.83 33,797.67
1/13/2002 11:00 52,509.67 33,273.72
1/13/2002 12:00 53,251.56 33,949.79
1/13/2002 13:00 53,314.95 35,423.99
1/13/2002 14:00 52,873.57 34,364.82
1/13/2002 15:00 51,995.51 34,011.76
1/13/2002 16:00 52,180.99 34,505.66
1/13/2002 17:00 53,265.65 34,993.93
1/13/2002 18:00 53,237.47 35,352.62
1/13/2002 19:00 51,638.66 35,290.65
1/13/2002 20:00 50,502.35 34,971.40
1/13/2002 21:00 49,314.39 35,281.26
1/13/2002 22:00 47,497.23 35,994.89
1/13/2002 23:00 45,893.72 36,162.02
1/14/2002 0:00 44,374.73 37,671.91
1/14/2002 1:00 44,020.22 39,311.37
1/14/2002 2:00 43,881.71 39,527.33
1/14/2002 3:00 43,468.50 39,457.85
1/14/2002 4:00 44,015.53 39,300.10
1/14/2002 5:00 45,365.48 40,079.45
1/14/2002 6:00 49,969.41 41,835.35
1/14/2002 7:00 58,491.73 47,003.50
1/14/2002 8:00 67,856.88 52,263.66
1/14/2002 9:00 72,183.78 54,859.01

1/14/2002 10:00 74,411.79 56,440.25
1/14/2002 11:00 75,825.13 56,813.97
1/14/2002 12:00 75,336.80 56,162.31
1/14/2002 13:00 74,409.44 55,666.53
1/14/2002 14:00 74,205.18 56,154.80
1/14/2002 15:00 71,578.06 54,534.12
1/14/2002 16:00 68,394.52 51,921.88
1/14/2002 17:00 66,694.75 51,191.35
1/14/2002 18:00 65,572.53 51,024.21
1/14/2002 19:00 64,189.70 51,031.72
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1/14/2002 20:00 62,595.58 50,847.68
1/14/2002 21:00 60,604.70 50,141.57
1/14/2002 22:00 57,165.25 48,975.35
1/14/2002 23:00 52,509.67 46,749.97
1/15/2002 0:00 49,593.77 44,545.24
1/15/2002 1:00 47,283.59 43,685.14
1/15/2002 2:00 46,450.14 43,792.18
1/15/2002 3:00 45,851.47 43,236.30
1/15/2002 4:00 45,943.03 43,292.64
1/15/2002 5:00 47,013.60 43,735.84
1/15/2002 6:00 50,676.08 45,880.47
1/15/2002 7:00 58,951.88 50,425.14
1/15/2002 8:00 68,657.46 55,536.95
1/15/2002 9:00 73,179.22 57,029.93

1/15/2002 10:00 75,451.84 58,121.03
1/15/2002 11:00 76,170.25 57,997.08
1/15/2002 12:00 75,935.47 58,926.67
1/15/2002 13:00 75,073.85 58,246.85
1/15/2002 14:00 75,219.41 58,716.34
1/15/2002 15:00 73,315.39 57,058.10
1/15/2002 16:00 69,946.38 55,219.58
1/15/2002 17:00 67,699.58 53,698.43
1/15/2002 18:00 65,861.30 52,691.84
1/15/2002 19:00 64,257.79 51,792.30
1/15/2002 20:00 62,543.93 51,704.03
1/15/2002 21:00 60,398.10 51,146.28
1/15/2002 22:00 56,923.43 50,395.09
1/15/2002 23:00 52,216.20 47,886.14
1/16/2002 0:00 49,520.99 44,710.50
1/16/2002 1:00 47,227.24 44,088.90
1/16/2002 2:00 46,461.88 42,719.87
1/16/2002 3:00 45,950.07 42,120.80
1/16/2002 4:00 46,062.76 41,786.52
1/16/2002 5:00 47,098.12 42,331.13
1/16/2002 6:00 50,983.64 44,195.94
1/16/2002 7:00 59,212.48 49,048.60
1/16/2002 8:00 68,272.43 53,488.10
1/16/2002 9:00 72,911.58 56,355.74

1/16/2002 10:00 75,402.54 57,274.07
1/16/2002 11:00 76,459.02 57,501.30
1/16/2002 12:00 76,142.07 57,721.02
1/16/2002 13:00 75,289.84 56,851.52
1/16/2002 14:00 74,745.17 57,309.75
1/16/2002 15:00 73,026.62 55,955.74
1/16/2002 16:00 69,401.70 53,170.72
1/16/2002 17:00 67,267.60 52,308.74
1/16/2002 18:00 66,042.07 51,313.42
1/16/2002 19:00 64,271.87 51,756.62
1/16/2002 20:00 62,635.50 51,375.39
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1/16/2002 21:00 60,686.87 50,999.80
1/16/2002 22:00 57,254.46 50,145.32
1/16/2002 23:00 52,934.61 46,475.79
1/17/2002 0:00 49,915.41 44,188.43
1/17/2002 1:00 47,753.14 43,726.45
1/17/2002 2:00 47,062.90 43,198.75
1/17/2002 3:00 46,783.52 42,785.59
1/17/2002 4:00 46,501.79 42,302.96
1/17/2002 5:00 47,645.14 42,650.38
1/17/2002 6:00 50,854.51 44,483.27
1/17/2002 7:00 58,768.76 48,475.82
1/17/2002 8:00 68,903.98 53,957.59
1/17/2002 9:00 73,620.60 56,002.69

1/17/2002 10:00 75,724.18 57,927.60
1/17/2002 11:00 76,541.19 58,036.52
1/17/2002 12:00 76,231.29 57,803.65
1/17/2002 13:00 75,362.62 57,580.17
1/17/2002 14:00 74,909.51 57,264.68
1/17/2002 15:00 72,777.76 55,069.34
1/17/2002 16:00 69,563.69 53,031.75
1/17/2002 17:00 67,091.52 51,377.27
1/17/2002 18:00 65,534.96 50,620.45
1/17/2002 19:00 64,142.75 50,117.16
1/17/2002 20:00 62,459.42 49,508.70
1/17/2002 21:00 60,825.38 49,131.23
1/17/2002 22:00 57,557.32 48,160.32
1/17/2002 23:00 52,906.44 45,247.60
1/18/2002 0:00 49,807.42 43,461.66
1/18/2002 1:00 47,386.89 41,961.17
1/18/2002 2:00 46,790.56 42,284.18
1/18/2002 3:00 46,454.84 42,952.73
1/18/2002 4:00 46,389.10 42,257.89
1/18/2002 5:00 47,565.32 42,293.57
1/18/2002 6:00 51,192.59 43,392.18
1/18/2002 7:00 59,233.61 47,206.32
1/18/2002 8:00 68,352.26 52,641.14
1/18/2002 9:00 72,491.33 55,264.65

1/18/2002 10:00 74,458.74 55,880.62
1/18/2002 11:00 75,348.54 56,592.37
1/18/2002 12:00 74,864.90 55,792.35
1/18/2002 13:00 73,557.21 54,327.54
1/18/2002 14:00 72,688.54 54,397.03
1/18/2002 15:00 70,871.39 52,708.74
1/18/2002 16:00 67,556.37 49,970.67
1/18/2002 17:00 66,079.64 48,937.80
1/18/2002 18:00 65,445.75 49,818.56
1/18/2002 19:00 64,128.66 48,806.34
1/18/2002 20:00 62,264.55 47,955.62
1/18/2002 21:00 60,717.39 47,380.97
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1/18/2002 22:00 57,193.42 46,494.57
1/18/2002 23:00 52,493.24 43,149.92
1/19/2002 0:00 49,610.21 39,324.51
1/19/2002 1:00 47,318.81 38,160.18
1/19/2002 2:00 46,194.24 37,510.40
1/19/2002 3:00 45,461.74 37,397.72
1/19/2002 4:00 45,581.47 37,024.01
1/19/2002 5:00 46,367.97 37,123.54
1/19/2002 6:00 48,180.43 37,172.37
1/19/2002 7:00 51,579.96 38,396.80
1/19/2002 8:00 55,049.93 38,580.84
1/19/2002 9:00 56,841.26 38,864.41

1/19/2002 10:00 58,919.02 39,617.47
1/19/2002 11:00 59,151.44 39,831.56
1/19/2002 12:00 58,815.71 39,685.08
1/19/2002 13:00 58,348.51 39,091.64
1/19/2002 14:00 58,017.48 38,120.74
1/19/2002 15:00 57,179.34 37,136.69
1/19/2002 16:00 57,301.42 37,012.74
1/19/2002 17:00 58,782.85 37,442.79
1/19/2002 18:00 58,557.46 37,288.80
1/19/2002 19:00 57,606.63 37,093.49
1/19/2002 20:00 56,613.53 37,912.28
1/19/2002 21:00 55,291.75 37,739.51
1/19/2002 22:00 52,676.36 36,905.70
1/19/2002 23:00 48,896.49 35,324.45
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DATE - TIME G2-ENTR-MEAN G3-ENTR-MEAN

5/12/2002 0:00 43,925.52 34,698.96
5/12/2002 1:00 41,392.68 34,452.61
5/12/2002 2:00 40,809.20 34,301.94
5/12/2002 3:00 40,284.07 34,426.14
5/12/2002 4:00 39,833.19 34,344.70
5/12/2002 5:00 39,907.46 34,157.39
5/12/2002 6:00 41,122.16 33,837.74
5/12/2002 7:00 42,355.42 33,583.25
5/12/2002 8:00 45,267.53 33,794.99
5/12/2002 9:00 46,824.36 33,919.18

5/12/2002 10:00 48,956.72 34,487.22
5/12/2002 11:00 50,078.59 34,914.77
5/12/2002 12:00 50,680.64 35,639.57
5/12/2002 13:00 50,770.81 35,839.10
5/12/2002 14:00 50,815.90 35,387.11
5/12/2002 15:00 49,855.81 35,093.93
5/12/2002 16:00 49,235.20 35,026.75
5/12/2002 17:00 49,412.89 35,205.91
5/12/2002 18:00 49,015.07 34,935.13
5/12/2002 19:00 47,333.58 34,705.07
5/12/2002 20:00 46,402.66 34,627.70
5/12/2002 21:00 46,354.92 35,167.23
5/12/2002 22:00 44,519.61 36,254.44
5/12/2002 23:00 42,854.04 36,380.66
5/13/2002 0:00 41,970.86 37,154.33
5/13/2002 1:00 41,419.20 37,771.23
5/13/2002 2:00 41,185.81 37,883.21
5/13/2002 3:00 40,758.81 38,027.76
5/13/2002 4:00 40,981.59 37,964.65
5/13/2002 5:00 42,225.47 38,669.09
5/13/2002 6:00 46,246.18 41,230.33
5/13/2002 7:00 54,295.57 47,301.58
5/13/2002 8:00 65,166.88 54,663.63
5/13/2002 9:00 70,964.56 57,925.25

5/13/2002 10:00 73,773.23 58,723.35
5/13/2002 11:00 75,226.63 59,157.01
5/13/2002 12:00 75,637.72 59,751.51
5/13/2002 13:00 74,979.97 58,652.09
5/13/2002 14:00 74,454.84 58,385.38
5/13/2002 15:00 72,126.22 57,418.29
5/13/2002 16:00 68,829.55 54,995.50
5/13/2002 17:00 65,458.62 53,034.86
5/13/2002 18:00 62,745.44 51,632.08
5/13/2002 19:00 61,329.17 51,283.93
5/13/2002 20:00 60,109.16 51,330.76
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5/13/2002 21:00 58,390.55 49,850.61
5/13/2002 22:00 55,242.40 47,332.12
5/13/2002 23:00 51,203.12 46,483.12
5/14/2002 0:00 48,503.19 44,355.54
5/14/2002 1:00 45,845.70 43,256.12
5/14/2002 2:00 44,901.52 42,482.45
5/14/2002 3:00 44,262.35 42,592.40
5/14/2002 4:00 44,339.26 42,515.03
5/14/2002 5:00 44,957.22 43,095.28
5/14/2002 6:00 48,413.02 44,581.53
5/14/2002 7:00 56,568.49 49,984.99
5/14/2002 8:00 66,763.50 56,086.77
5/14/2002 9:00 71,025.56 58,006.69

5/14/2002 10:00 73,799.75 59,503.12
5/14/2002 11:00 75,170.93 59,973.43
5/14/2002 12:00 75,536.93 60,384.70
5/14/2002 13:00 74,449.54 58,819.04
5/14/2002 14:00 74,377.93 58,778.32
5/14/2002 15:00 72,688.48 57,965.97
5/14/2002 16:00 69,537.69 55,862.82
5/14/2002 17:00 66,018.23 54,679.92
5/14/2002 18:00 62,504.09 53,613.08
5/14/2002 19:00 60,687.34 51,662.62
5/14/2002 20:00 59,233.94 51,224.89
5/14/2002 21:00 58,395.85 50,695.54
5/14/2002 22:00 55,321.97 49,724.38
5/14/2002 23:00 51,431.21 47,478.71
5/15/2002 0:00 48,251.24 45,426.46
5/15/2002 1:00 45,832.44 44,255.78
5/15/2002 2:00 45,050.05 43,752.90
5/15/2002 3:00 44,307.43 43,956.49
5/15/2002 4:00 43,827.39 43,659.24
5/15/2002 5:00 44,835.22 44,534.71
5/15/2002 6:00 47,877.28 45,790.90
5/15/2002 7:00 56,032.75 50,722.00
5/15/2002 8:00 66,105.76 56,677.20
5/15/2002 9:00 70,834.61 58,513.64

5/15/2002 10:00 72,919.22 58,430.17
5/15/2002 11:00 74,961.41 60,073.19
5/15/2002 12:00 74,937.54 61,349.74
5/15/2002 13:00 72,913.92 59,275.09
5/15/2002 14:00 73,497.40 59,305.63
5/15/2002 15:00 72,155.40 59,087.79
5/15/2002 16:00 69,007.25 57,218.77
5/15/2002 17:00 66,198.58 55,699.94
5/15/2002 18:00 63,228.13 54,115.96
5/15/2002 19:00 61,424.65 52,415.93
5/15/2002 20:00 59,732.55 52,191.97
5/15/2002 21:00 59,072.16 50,935.78
5/15/2002 22:00 55,613.71 50,037.92
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5/15/2002 23:00 51,287.99 47,527.58
5/16/2002 0:00 48,325.50 45,516.04
5/16/2002 1:00 45,278.13 45,131.24
5/16/2002 2:00 44,689.35 44,426.80
5/16/2002 3:00 44,180.13 44,196.74
5/16/2002 4:00 43,771.69 44,270.03
5/16/2002 5:00 44,721.17 44,836.03
5/16/2002 6:00 48,190.23 45,754.25
5/16/2002 7:00 56,236.97 50,801.41
5/16/2002 8:00 66,397.50 56,630.38
5/16/2002 9:00 72,142.13 59,723.01

5/16/2002 10:00 75,200.11 60,372.48
5/16/2002 11:00 77,510.16 61,333.46
5/16/2002 12:00 78,048.55 62,290.36
5/16/2002 13:00 77,982.25 61,714.18
5/16/2002 14:00 78,899.91 62,259.82
5/16/2002 15:00 77,120.29 60,460.03
5/16/2002 16:00 73,250.75 58,700.95
5/16/2002 17:00 69,129.25 56,194.68
5/16/2002 18:00 65,970.50 55,701.98
5/16/2002 19:00 64,395.10 53,944.94
5/16/2002 20:00 61,904.69 53,203.85
5/16/2002 21:00 60,445.99 52,992.11
5/16/2002 22:00 56,966.32 51,774.60
5/16/2002 23:00 52,542.47 49,247.97
5/17/2002 0:00 49,229.89 46,943.25
5/17/2002 1:00 46,938.40 46,334.50
5/17/2002 2:00 45,705.14 45,198.43
5/17/2002 3:00 44,782.17 45,037.59
5/17/2002 4:00 44,572.65 45,102.74
5/17/2002 5:00 45,328.53 46,023.00
5/17/2002 6:00 49,076.07 47,535.72
5/17/2002 7:00 56,889.41 51,896.76
5/17/2002 8:00 66,893.46 57,872.31
5/17/2002 9:00 72,884.75 59,374.86

5/17/2002 10:00 75,836.63 60,117.98
5/17/2002 11:00 77,427.94 60,390.80
5/17/2002 12:00 77,512.81 61,724.36
5/17/2002 13:00 77,271.46 61,105.43
5/17/2002 14:00 78,342.95 61,799.69
5/17/2002 15:00 76,677.37 60,229.96
5/17/2002 16:00 73,086.31 58,625.62
5/17/2002 17:00 68,784.47 55,773.23
5/17/2002 18:00 66,599.06 53,106.12
5/17/2002 19:00 63,671.05 52,415.93
5/17/2002 20:00 61,910.00 52,316.17
5/17/2002 21:00 60,278.90 51,102.73
5/17/2002 22:00 56,892.06 50,101.04
5/17/2002 23:00 51,911.25 46,898.46
5/18/2002 0:00 44,581.82 41,699.65
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5/18/2002 1:00 42,486.70 40,842.53
5/18/2002 2:00 40,803.61 40,233.41
5/18/2002 3:00 40,176.82 39,862.39
5/18/2002 4:00 39,592.49 39,350.49
5/18/2002 5:00 39,647.43 38,429.87
5/18/2002 6:00 40,346.63 38,548.92
5/18/2002 7:00 41,932.33 39,527.07
5/18/2002 8:00 43,970.01 40,160.00
5/18/2002 9:00 46,791.80 40,642.13

5/18/2002 10:00 48,427.44 40,943.71
5/18/2002 11:00 49,795.89 41,003.24
5/18/2002 12:00 49,880.79 41,031.01
5/18/2002 13:00 49,845.83 41,036.97
5/18/2002 14:00 49,231.53 40,673.88
5/18/2002 15:00 49,226.54 40,511.18
5/18/2002 16:00 48,602.25 40,241.35
5/18/2002 17:00 48,534.82 40,058.81
5/18/2002 18:00 48,255.14 40,019.13
5/18/2002 19:00 47,590.90 39,894.13
5/18/2002 20:00 47,543.45 39,707.63
5/18/2002 21:00 47,031.53 39,314.78
5/18/2002 22:00 46,409.74 39,213.59
5/18/2002 23:00 44,357.07 38,896.13



D.T.E. 03-121
Attachment NEDGC-3-2 (k)

Page 1 of 4

COMMONWEALTH ELECTRIC
 HOURLY LOAD DATA

August 11 - 17, 2002
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8/11/2002 0:00 54,936.67 35,987.54
8/11/2002 1:00 51,917.29 35,015.95
8/11/2002 2:00 50,559.18 34,620.84
8/11/2002 3:00 49,736.28 34,599.25
8/11/2002 4:00 49,114.46 34,160.96
8/11/2002 5:00 49,055.68 34,143.68
8/11/2002 6:00 50,565.37 34,176.07
8/11/2002 7:00 52,059.59 34,467.54
8/11/2002 8:00 56,706.23 35,048.34
8/11/2002 9:00 60,820.75 35,994.01

8/11/2002 10:00 63,849.42 36,605.03
8/11/2002 11:00 67,425.65 38,204.91
8/11/2002 12:00 69,145.71 39,271.50
8/11/2002 13:00 69,869.62 38,528.77
8/11/2002 14:00 70,346.04 38,524.45
8/11/2002 15:00 70,407.91 38,299.91
8/11/2002 16:00 70,008.83 38,420.82
8/11/2002 17:00 69,424.14 38,546.05
8/11/2002 18:00 68,353.74 38,438.09
8/11/2002 19:00 64,904.34 38,101.28
8/11/2002 20:00 61,977.77 37,324.01
8/11/2002 21:00 61,488.98 37,360.71
8/11/2002 22:00 59,697.76 37,354.23
8/11/2002 23:00 56,597.95 37,319.69
8/12/2002 0:00 54,370.54 37,306.73
8/12/2002 1:00 52,962.93 37,665.14
8/12/2002 2:00 52,452.48 37,246.28
8/12/2002 3:00 51,796.64 37,349.92
8/12/2002 4:00 51,833.76 36,993.67
8/12/2002 5:00 53,015.53 38,379.80
8/12/2002 6:00 58,664.49 40,763.42
8/12/2002 7:00 68,096.97 46,687.93
8/12/2002 8:00 77,854.27 52,469.95
8/12/2002 9:00 84,598.39 56,334.70

8/12/2002 10:00 89,990.58 59,182.53
8/12/2002 11:00 93,090.40 61,790.69
8/12/2002 12:00 94,284.54 61,833.88
8/12/2002 13:00 95,259.03 60,786.72
8/12/2002 14:00 96,097.41 61,615.81
8/12/2002 15:00 94,844.49 61,680.58
8/12/2002 16:00 91,998.35 58,942.87
8/12/2002 17:00 87,122.79 55,306.98
8/12/2002 18:00 83,806.42 52,834.83
8/12/2002 19:00 80,941.72 52,318.81
8/12/2002 20:00 78,064.64 50,645.53
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8/12/2002 21:00 76,208.46 50,503.03
8/12/2002 22:00 71,914.51 49,600.53
8/12/2002 23:00 66,293.38 48,097.81
8/13/2002 0:00 62,361.38 46,577.82
8/13/2002 1:00 59,060.48 45,411.92
8/13/2002 2:00 57,541.51 45,036.24
8/13/2002 3:00 56,430.89 44,543.97
8/13/2002 4:00 55,539.93 44,019.31
8/13/2002 5:00 56,350.46 45,543.62
8/13/2002 6:00 60,653.70 47,473.84
8/13/2002 7:00 69,996.46 51,837.34
8/13/2002 8:00 79,880.60 57,213.45
8/13/2002 9:00 88,004.47 59,787.07

8/13/2002 10:00 93,869.99 61,756.15
8/13/2002 11:00 97,873.15 63,956.25
8/13/2002 12:00 99,240.53 64,215.34
8/13/2002 13:00 98,847.64 63,289.10
8/13/2002 14:00 100,601.73 63,999.43
8/13/2002 15:00 99,348.81 63,112.05
8/13/2002 16:00 95,818.98 60,788.88
8/13/2002 17:00 90,624.78 57,425.04
8/13/2002 18:00 86,426.72 54,365.62
8/13/2002 19:00 83,085.60 53,564.60
8/13/2002 20:00 80,372.49 52,994.60
8/13/2002 21:00 78,541.06 52,651.31
8/13/2002 22:00 74,231.63 52,230.29
8/13/2002 23:00 68,443.45 50,906.78
8/14/2002 0:00 64,041.22 48,078.38
8/14/2002 1:00 60,393.83 46,968.61
8/14/2002 2:00 59,165.66 46,258.28
8/14/2002 3:00 58,314.91 45,247.83
8/14/2002 4:00 57,417.76 45,677.48
8/14/2002 5:00 58,531.47 46,146.01
8/14/2002 6:00 63,437.96 48,343.95
8/14/2002 7:00 72,777.63 53,633.69
8/14/2002 8:00 82,896.89 58,215.26
8/14/2002 9:00 90,163.83 60,374.34

8/14/2002 10:00 95,905.60 63,481.25
8/14/2002 11:00 98,334.10 65,048.75
8/14/2002 12:00 99,797.39 66,003.06
8/14/2002 13:00 100,069.63 65,940.45
8/14/2002 14:00 101,347.30 66,866.69
8/14/2002 15:00 99,754.08 65,452.49
8/14/2002 16:00 94,909.45 61,393.42
8/14/2002 17:00 90,634.06 59,601.39
8/14/2002 18:00 87,159.91 56,917.65
8/14/2002 19:00 84,109.59 55,315.62
8/14/2002 20:00 80,981.93 54,728.35
8/14/2002 21:00 79,398.00 54,382.89
8/14/2002 22:00 74,890.58 53,989.94
8/14/2002 23:00 69,281.83 51,707.79
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8/15/2002 0:00 64,728.01 48,650.54
8/15/2002 1:00 60,823.85 47,538.61
8/15/2002 2:00 59,840.07 46,826.12
8/15/2002 3:00 58,327.29 46,189.19
8/15/2002 4:00 57,674.53 46,269.07
8/15/2002 5:00 58,809.89 47,959.63
8/15/2002 6:00 63,932.94 50,392.91
8/15/2002 7:00 73,424.20 55,449.48
8/15/2002 8:00 82,723.65 60,465.02
8/15/2002 9:00 88,731.48 63,522.28

8/15/2002 10:00 93,316.23 64,422.61
8/15/2002 11:00 95,976.76 65,836.81
8/15/2002 12:00 97,409.11 65,292.72
8/15/2002 13:00 96,700.66 65,534.54
8/15/2002 14:00 97,767.97 65,992.26
8/15/2002 15:00 96,787.29 64,498.18
8/15/2002 16:00 93,774.09 62,218.19
8/15/2002 17:00 89,353.29 58,701.05
8/15/2002 18:00 85,937.93 56,203.00
8/15/2002 19:00 83,169.13 54,523.23
8/15/2002 20:00 80,644.73 54,261.98
8/15/2002 21:00 78,680.27 54,512.44
8/15/2002 22:00 75,088.57 53,933.80
8/15/2002 23:00 68,929.15 51,690.52
8/16/2002 0:00 64,622.82 48,635.42
8/16/2002 1:00 61,037.31 47,612.02
8/16/2002 2:00 60,106.12 46,940.55
8/16/2002 3:00 58,856.30 46,867.14
8/16/2002 4:00 58,596.43 46,970.77
8/16/2002 5:00 59,753.45 47,314.07
8/16/2002 6:00 65,352.92 49,179.51
8/16/2002 7:00 74,435.81 54,477.89
8/16/2002 8:00 83,849.73 59,476.16
8/16/2002 9:00 89,105.80 61,553.20

8/16/2002 10:00 92,889.31 64,267.16
8/16/2002 11:00 95,169.32 63,992.96
8/16/2002 12:00 95,880.85 63,761.93
8/16/2002 13:00 96,165.47 63,455.34
8/16/2002 14:00 96,542.89 64,122.50
8/16/2002 15:00 95,667.39 62,999.78
8/16/2002 16:00 92,267.49 60,270.70
8/16/2002 17:00 88,187.00 57,574.01
8/16/2002 18:00 85,043.87 56,300.16
8/16/2002 19:00 81,999.74 54,341.87
8/16/2002 20:00 79,896.07 52,690.17
8/16/2002 21:00 77,507.79 52,387.90
8/16/2002 22:00 73,421.10 51,792.00
8/16/2002 23:00 67,592.71 48,542.58
8/17/2002 0:00 63,691.64 45,617.03
8/17/2002 1:00 59,654.45 44,036.58
8/17/2002 2:00 58,577.87 43,799.09
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DATE - TIME G2-ENTR-MEAN G3-ENTR-MEAN

8/17/2002 3:00 57,937.49 43,518.41
8/17/2002 4:00 56,780.47 43,527.04
8/17/2002 5:00 57,522.94 43,172.95
8/17/2002 6:00 61,080.62 43,432.04
8/17/2002 7:00 64,845.56 44,537.49
8/17/2002 8:00 70,714.18 45,228.40
8/17/2002 9:00 75,527.87 46,351.12

8/17/2002 10:00 79,385.62 47,633.61
8/17/2002 11:00 81,702.75 48,324.52
8/17/2002 12:00 81,622.32 48,706.67
8/17/2002 13:00 80,793.22 48,279.18
8/17/2002 14:00 81,220.14 47,551.57
8/17/2002 15:00 80,493.14 47,666.00
8/17/2002 16:00 79,967.22 46,469.87
8/17/2002 17:00 78,903.02 45,750.89
8/17/2002 18:00 77,551.10 45,055.67
8/17/2002 19:00 76,718.91 45,105.33
8/17/2002 20:00 74,853.45 44,911.01
8/17/2002 21:00 73,665.50 44,772.83
8/17/2002 22:00 69,736.59 43,760.22
8/17/2002 23:00 64,223.74 41,966.03
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COMMONWEALTH ELECTRIC
 HOURLY LOAD DATA

October 20 - 26, 2002

DATE - TIME G2-ENTR-MEAN G3-ENTR-MEAN

10/20/2002 0:00 45,636.65 33,994.71
10/20/2002 1:00 43,238.54 33,694.62
10/20/2002 2:00 42,077.13 33,496.02
10/20/2002 3:00 41,315.41 33,553.40
10/20/2002 4:00 41,048.95 33,147.38
10/20/2002 5:00 40,785.39 33,237.85
10/20/2002 6:00 41,932.31 32,556.02
10/20/2002 7:00 44,547.65 33,251.09
10/20/2002 8:00 46,772.00 33,030.43
10/20/2002 9:00 48,307.02 32,602.36

10/20/2002 10:00 50,235.94 33,039.26
10/20/2002 11:00 51,881.03 32,948.79
10/20/2002 12:00 53,039.54 32,602.36
10/20/2002 13:00 52,744.12 33,421.00
10/20/2002 14:00 53,265.45 33,718.89
10/20/2002 15:00 53,178.56 33,815.98
10/20/2002 16:00 52,442.91 33,624.01
10/20/2002 17:00 51,889.72 33,683.58
10/20/2002 18:00 51,272.81 33,462.93
10/20/2002 19:00 51,559.54 33,897.62
10/20/2002 20:00 49,743.58 33,855.70
10/20/2002 21:00 47,840.72 34,334.53
10/20/2002 22:00 45,714.85 35,985.06
10/20/2002 23:00 44,394.15 37,710.61
10/21/2002 0:00 42,711.41 39,392.03
10/21/2002 1:00 42,135.05 39,817.90
10/21/2002 2:00 42,132.16 40,576.97
10/21/2002 3:00 41,880.18 40,788.80
10/21/2002 4:00 41,987.34 40,830.73
10/21/2002 5:00 43,525.27 41,684.68
10/21/2002 6:00 47,861.00 43,935.40
10/21/2002 7:00 57,169.63 49,579.85
10/21/2002 8:00 66,938.78 55,888.49
10/21/2002 9:00 72,282.41 57,786.16

10/21/2002 10:00 75,543.62 59,628.66
10/21/2002 11:00 77,122.09 61,605.76
10/21/2002 12:00 76,693.44 61,599.14
10/21/2002 13:00 75,986.75 60,815.80
10/21/2002 14:00 76,522.56 61,349.80
10/21/2002 15:00 74,199.75 59,041.71
10/21/2002 16:00 70,043.59 56,852.77
10/21/2002 17:00 66,049.62 55,480.27
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DATE - TIME G2-ENTR-MEAN G3-ENTR-MEAN

10/21/2002 18:00 63,474.83 53,801.06
10/21/2002 19:00 63,593.58 53,070.68
10/21/2002 20:00 61,876.09 51,903.39
10/21/2002 21:00 59,776.28 51,788.65
10/21/2002 22:00 56,726.50 50,837.61
10/21/2002 23:00 52,257.55 48,077.17
10/22/2002 0:00 49,062.95 46,486.21
10/22/2002 1:00 46,858.88 47,318.10
10/22/2002 2:00 45,868.36 46,106.68
10/22/2002 3:00 45,205.11 45,985.32
10/22/2002 4:00 45,011.06 45,696.26
10/22/2002 5:00 45,810.43 46,890.02
10/22/2002 6:00 49,891.29 49,070.13
10/22/2002 7:00 59,420.04 54,414.49
10/22/2002 8:00 69,137.05 58,340.01
10/22/2002 9:00 74,425.66 60,425.24

10/22/2002 10:00 77,162.64 62,347.18
10/22/2002 11:00 78,057.59 62,342.76
10/22/2002 12:00 78,170.55 62,611.97
10/22/2002 13:00 77,359.59 62,044.87
10/22/2002 14:00 77,194.50 61,830.84
10/22/2002 15:00 74,842.72 59,847.11
10/22/2002 16:00 70,816.90 58,300.29
10/22/2002 17:00 67,208.13 57,241.13
10/22/2002 18:00 63,906.38 55,506.75
10/22/2002 19:00 63,909.27 54,381.39
10/22/2002 20:00 62,455.34 53,737.07
10/22/2002 21:00 60,639.37 53,399.46
10/22/2002 22:00 57,453.47 52,287.34
10/22/2002 23:00 52,923.69 49,665.91
10/23/2002 0:00 49,184.59 47,832.23
10/23/2002 1:00 47,162.99 47,410.78
10/23/2002 2:00 46,485.26 46,898.85
10/23/2002 3:00 45,593.21 46,962.84
10/23/2002 4:00 45,494.74 46,797.34
10/23/2002 5:00 46,566.36 48,070.55
10/23/2002 6:00 50,438.68 50,261.69
10/23/2002 7:00 59,295.50 54,652.80
10/23/2002 8:00 69,261.59 59,747.82
10/23/2002 9:00 74,353.25 61,283.60

10/23/2002 10:00 77,411.72 63,309.25
10/23/2002 11:00 78,324.05 65,008.32
10/23/2002 12:00 78,573.13 64,306.63
10/23/2002 13:00 77,376.97 63,439.44
10/23/2002 14:00 78,242.95 63,585.07
10/23/2002 15:00 76,030.20 62,594.32
10/23/2002 16:00 71,839.28 59,628.66
10/23/2002 17:00 68,149.42 58,426.07
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10/23/2002 18:00 65,331.35 56,477.65
10/23/2002 19:00 65,221.29 56,431.31
10/23/2002 20:00 63,344.50 55,403.04
10/23/2002 21:00 61,618.32 54,549.09
10/23/2002 22:00 58,626.46 53,317.81
10/23/2002 23:00 54,368.93 51,148.74
10/24/2002 0:00 50,389.45 50,424.98
10/24/2002 1:00 48,127.45 48,754.59
10/24/2002 2:00 47,154.30 47,834.44
10/24/2002 3:00 46,436.03 47,757.21
10/24/2002 4:00 46,082.68 47,527.72
10/24/2002 5:00 47,357.04 48,024.21
10/24/2002 6:00 51,391.56 50,208.73
10/24/2002 7:00 60,349.75 54,966.14
10/24/2002 8:00 70,596.78 59,767.67
10/24/2002 9:00 75,856.42 61,012.19

10/24/2002 10:00 77,721.62 61,892.62
10/24/2002 11:00 78,761.39 63,810.15
10/24/2002 12:00 78,179.23 63,282.77
10/24/2002 13:00 77,159.74 62,292.01
10/24/2002 14:00 77,568.12 62,830.42
10/24/2002 15:00 75,059.94 60,520.12
10/24/2002 16:00 71,364.29 58,187.76
10/24/2002 17:00 66,782.38 56,256.99
10/24/2002 18:00 64,798.43 54,745.48
10/24/2002 19:00 65,064.89 54,635.15
10/24/2002 20:00 63,657.30 52,755.13
10/24/2002 21:00 61,010.10 52,163.77
10/24/2002 22:00 58,073.27 51,470.90
10/24/2002 23:00 53,311.79 49,584.27
10/25/2002 0:00 49,694.34 47,750.59
10/25/2002 1:00 47,582.95 46,497.25
10/25/2002 2:00 46,444.72 45,804.38
10/25/2002 3:00 45,891.53 45,632.26
10/25/2002 4:00 45,662.72 45,005.59
10/25/2002 5:00 46,693.80 44,780.52
10/25/2002 6:00 50,820.99 47,026.83
10/25/2002 7:00 59,715.46 51,742.31
10/25/2002 8:00 68,873.49 56,960.89
10/25/2002 9:00 73,553.88 57,258.78

10/25/2002 10:00 75,891.17 58,668.79
10/25/2002 11:00 77,368.28 59,216.03
10/25/2002 12:00 76,783.23 59,866.97
10/25/2002 13:00 75,688.44 59,838.29
10/25/2002 14:00 75,543.62 59,783.12
10/25/2002 15:00 73,154.19 57,543.43
10/25/2002 16:00 69,186.29 55,544.26
10/25/2002 17:00 65,525.40 52,746.31
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10/25/2002 18:00 63,524.07 51,949.73
10/25/2002 19:00 64,068.57 50,301.41
10/25/2002 20:00 62,930.33 49,630.60
10/25/2002 21:00 60,821.84 49,043.65
10/25/2002 22:00 57,424.51 48,163.22
10/25/2002 23:00 52,758.60 45,497.66
10/26/2002 0:00 48,755.95 43,246.94
10/26/2002 1:00 45,587.42 41,675.85
10/26/2002 2:00 44,495.52 41,583.17
10/26/2002 3:00 43,791.73 41,066.83
10/26/2002 4:00 43,412.31 40,872.65
10/26/2002 5:00 43,858.34 40,994.01
10/26/2002 6:00 45,541.08 42,086.28
10/26/2002 7:00 49,842.05 42,942.43
10/26/2002 8:00 53,914.22 42,686.47
10/26/2002 9:00 56,176.21 44,310.52

10/26/2002 10:00 58,542.47 45,484.42
10/26/2002 11:00 59,521.41 45,910.29
10/26/2002 12:00 58,979.81 45,927.95
10/26/2002 13:00 58,180.43 44,882.02
10/26/2002 14:00 58,316.56 43,286.66
10/26/2002 15:00 57,937.15 42,150.27
10/26/2002 16:00 56,813.39 41,475.05
10/26/2002 17:00 57,239.14 40,634.34
10/26/2002 18:00 57,189.91 40,042.97
10/26/2002 19:00 57,239.14 40,678.47
10/26/2002 20:00 56,509.28 39,939.26
10/26/2002 21:00 55,159.62 40,888.10
10/26/2002 22:00 52,894.73 39,094.14
10/26/2002 23:00 49,120.88 36,179.24
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Information Request AG-1-10 
 

Please describe each of the Companies’ distribution system capital budgeting process 
beginning with the load forecasting and system maintenance planning functions. Describe 
the planning activities and planning horizon for each major category of distribution plant. 

  
 
 

Supplemental Response 
 
Please refer to Appendices B and C to the report entitled “2003 NSTAR Transmission 
and Distribution Operating Study,” which are provided as Attachment AG-1-
10(a)(Supp) and AG-1-10(b)(Supp), respectively.  Please refer to Attachment AG-1-
10(c)(Supp), which is a report entitled “NSTAR Electric 2003 Major Transmission and 
Distribution Improvement Project.”  Please note that the attachments represent a bulk 
document and, as such, only two (2) copies of this supplemental attachment are being 
provided to the Department. 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #2 HAWKINS STREET 

 
Transformer #110A: General Electric 75 / 84 MVA 110 kV to 13.8 / 13.8 kV 
Transformer #110B: General Electric 75 / 84 MVA 110 kV to 13.8 / 13.8 kV 

 
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 75 / 84 MVA 107 MVA 100 MVA 
110B 75 / 84 MVA 107 MVA 100 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

150 MVA 93 MVA* 0 MVA 0 MVA 93 MVA 
* Based upon loss of either 110A/250-517 line or 110B/250-516 line. 
 
Switching Actions: 
 
Loss of Transformer #110A and the 250-517 Line: 
 

Open: OCB’s 2 & 3 @ Mystic 
 Circuit Switcher CS771 

110A-1 and 110A-3 13.8kV Secondary Circuit Breakers 
Close: The ABR scheme closes the normally open section #1 to tie bus breaker. 
 OCB’s 2 & 3 @ Mystic are manually closed. 

 
Loss of Transformer #110B and the 250-516 Line: 
 

Open: OCB’s 9 & 10 @ Mystic 
 Circuit Switcher CS770 

110B-2 and 110B-4 13.8kV Secondary Circuit Breakers 
Close: The ABR scheme closes the normally open section #1 to tie bus breaker. 

  OCB’s 9 & 10 @ Mystic are manually closed 
 
The description above assumes circuit switchers CS-772 and CS-776 are open at Chatham St. 
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Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required:  None 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #4 “L” STREET 

 
Transformer #110A: Westinghouse 75 / 84 MVA 110 kV to 13.8 / 13.8 kV (A) 
Transformer #110B: Westinghouse 75 / 84 MVA 110 kV to 13.8 / 13.8 kV 
Transformer #110C: Westinghouse 50 / 56 MVA 110 kV to 13.8 / 13.8 kV 
Transformer #110D: Westinghouse 50 / 56 MVA 110 kV to 13.8 / 13.8 kV 
 
(A) Bus Section #L6 was destroyed in a fire, Transformer 110A has only one winding in-service 
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 37 / 42 MVA 50 MVA 44 MVA 
110B 75 / 84 MVA 102 MVA 96 MVA 
110C 50 / 56 MVA 67 MVA 64 MVA 
110D 50 / 56 MVA 67 MVA 64 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

212 MVA 140 MVA* 0 MVA 0 MVA 140 MVA 
�� Based upon loss of 110C and 110D transformers. 

  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #5 and #6 at Station 385 K Street 
 Disconnect Switch #T730 at Station 385 K Street 

Both 110A Main 13.8kV Circuit Breakers at Station 4 L Street 
Close: Bus Tie Breakers operate normally open, manually close switches. 
 Circuit Breakers #5 and #6 at Station 385 K Street to close ring bus 

 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #7 and #8 at Station 385 K Street 
 Disconnect Switch #T731 at Station 385 K Street 

Both 110B Main 13.8kV Circuit Breakers 
 Close: Bus Tie Breakers operate normally open, manually close switches. 

 Circuit Breakers #7 and #8 at Station 385 K Street to close ring bus 
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Loss of Transformer #110C: 
 

Open: Circuit Breakers #19 and #20 at Station 385 K Street (de-energizes both 110C and 
110D) 

 Disconnect Switch #T730 at Station 4 L Street 
Both Main 13.8kV Circuit Breakers 

Close: Bus Tie Breakers operate normally open, manually close switches. 
Circuit Breakers #19 and #20 at Station 385 K Street to close ring bus and re-energize 
110D 

 
Loss of Transformer #110D: 
 

Open: Circuit Breakers #19 and #20 at Station 385 K Street (de-energizes both 110C and 
110D) 

 Disconnect Switch #T731 at Station 4 L Street 
Main 13.8kV Circuit Breakers 

Close: Bus Tie Breakers operate normally open, manually close switches. 
Circuit Breakers #19 and #20 at Station 385 K Street to close ring bus and re-energize 
110C 

 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required: 
 
None 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #12 CHATHAM STREET 

 
Transformer #110A: McGraw-Edison 37.5 / 50 / 62.5 MVA 115 kV to 14.4 kV 
Transformer #110B:  McGraw-Edison 37.5 / 50 / 62.5 MVA 115 kV to 14.4 kV 
Transformer #110C:  McGraw-Edison 37.5 / 50 / 62.5 MVA 115 kV to 14.4 kV 
Transformer #110D:  McGraw-Edison 37.5 / 50 / 62.5 MVA 115 kV to 14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 37.5/50/62.5 MVA 77 MVA 72 MVA 
110B 37.5/50/62.5 MVA 77 MVA 72 MVA 
110C 37.5/50/62.5 MVA 77 MVA 72 MVA 
110D 37.5/50/62.5 MVA 77 MVA 72 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

150 MVA 133 MVA* 0 MVA 0 MVA 133 MVA 
*Based upon loss of 110A, 110B and 250-516 line or 110C, 110D and 250-517 line. 

  
Switching Actions: 
 
Loss of Transformer #110A, 110B and 250-516 Line 
 

Open: OCB’s 14 & 15 @ K Street 
 Circuit Switcher CS770 and CS773 

Main 110A and 110B 13.8kV Secondary Circuit Breakers 
Close: Nothing, bus ties operated closed 
 Manually close OCB’s 14 & 15 @ K Street 
 Manually close CS773 and 110B 13.8 KV Secondary Breakers 

 
Loss of Transformer #110B, 110A and 250-516 Line 
 

Open: OCB’s 14 & 15 @ K Street 
 Circuit Switcher CS773 and CS770 

Main 110B and 110B 13.8kV Secondary Circuit Breaker 
 Close: Nothing, bus ties operated closed 
  Manually close OCB’s 14 & 15 @ K Street 
  Manually close CS770 and 110A 13.8 KV Secondary Breakers 
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Loss of Transformer #110C, 110D and 250-517 Line 
 

Open: OCB’s 16 & 17 @ K Street 
 Circuit Switcher CS774 and CS777 

Main 110C and 110D 13.8kV Secondary Circuit Breakers 
Close: Nothing, bus ties operated closed 
 Manually close OCB’s 16 & 17 @ K Street 
 Manually close CS777 and 110D 13.8 KV Secondary Breakers 

 
 
 
Loss of Transformer #110D, 110C and 250-517 Line 
 

Open: OCB’s 16 & 17 @ K Street 
 Circuit Switcher CS777 and CS774 

Main 110D and 110C 13.8kV Secondary Circuit Breaker 
Close: Nothing, bus ties operated closed 
 Manually close OCB’s 16 & 17 @ K Street 
 Manually close CS774 and 110C 13.8 KV Secondary Breakers 

 
The descriptions above assume CS772 and CS776 are open at Chatham St. 
 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required: 
 
None 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #53 HIGH STREET 

 
Transformer #110A: General Electric 37.5 / 50 / 62.5 MVA 117 kV to 14.4 kV 
Transformer #110B:  General Electric 37.5 / 50 / 62.5 MVA 117 kV to 14.4 kV 
Transformer #110C:  General Electric 37.5 / 50 / 62.5 MVA 117 kV to 14.4 kV 
Transformer #110D:  General Electric 37.5 / 50 / 62.5 MVA 117 kV to 14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 37.5/50/62.5 MVA 80 MVA 75 MVA 
110B 37.5/50/62.5 MVA 80 MVA 75 MVA 
110C 37.5/50/62.5 MVA 80 MVA 75 MVA 
110D 37.5/50/62.5 MVA 80 MVA 75 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

150 MVA 139 MVA* 0 MVA 0 MVA 139 MVA 
* Based upon loss of 110A, 110B and 385-510 line or 110C, 110D and 385-511 line.  
Switching Actions: 
 
Loss of Transformer #110A also isolates the 385-510 Line, 110B and the 110A @ Kingston St 
 

Open: OCB’s 10 & 11 @ K Street 
 OCB’s 8 & 9 @ Kingston St 
 Circuit Switcher CS771 (110A) @ Kingston St 
 Circuit Switcher CS770 and CS773 

Main 110A and 110B 13.8kV Secondary Circuit Breakers 
Close: Nothing, bus ties operated closed 
 Manually close OCB’s 10 & 11 @ K Street 
 Manually close OCB’s 8 & 9 @ Kingston St 
 Manually close CS771 and restore transformer 110A @ Kingston St 
 Manually close CS773 and restore transformer 110B @ High St 
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Loss of Transformer #110B also isolates the 385-510 Line, 110A and the 110A @ Kingston St 
 

Open: OCB’s 10 & 11 @ K Street 
 OCB’s 8 & 9 @ Kingston St 
 Circuit Switcher CS771 (110A) @ Kingston St 
 Circuit Switcher CS773 and CS771 

Main 110B and 110A 13.8kV Secondary Circuit Breaker 
 Close: Nothing, bus ties operated closed 

 Manually close OCB’s 10 & 11 @ K Street 
 Manually close OCB’s 8 & 9 @ Kingston St 
 Manually close CS771 and restore transformer 110A @ Kingston St 
 Manually close CS771 and restore transformer 110A @ High St 

 
 
Loss of Transformer #110C also isolates the 385-511 Line, 110D and the 110B @ Kingston St 
 

Open: OCB’s 17 & 18 @ K Street 
 OCB’s 6, 10 & 11 @ Kingston St 
 Circuit Switcher CS770 (110B) @ Kingston St 
 Circuit Switcher CS774 and CS777 

Main 110C and 110D 13.8kV Secondary Circuit Breaker 
Close: Nothing, bus ties operated closed 
 Manually close OCB’s 17 & 18 @ K Street 
 Manually close OCB’s  6, 10 & 11 @ Kingston St 
 Manually close CS770 and restore transformer 110B @ Kingston St 
 Manually close CS777 and restore transformer 110D @ High St 

 
 
 
 
Loss of Transformer #110D also isolates the 385-511 Line, 110C and the 110B @ Kingston St 
 

Open: OCB’s 17 & 18 @ K Street 
 OCB’s 6, 10 & 11 @ Kingston St 
 Circuit Switcher CS770 (110B) @ Kingston St 
 Circuit Switcher CS777 and CS774 

Main 110D and 110C 13.8kV Secondary Circuit Breaker 
Close: Nothing, bus ties operated closed 
 Manually close OCB’s 17 & 18 @ K Street 
 Manually close OCB’s  6, 10 & 11 @ Kingston St 
 Manually close CS770 and restore transformer 110B @ Kingston St 
 Manually close CS774 and restore transformer 110C @ High St 
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Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required: 
 
None 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #71 CARVER STREET 

 
Transformer #110A: Westinghouse 75 / 84 MVA 110 kV to 13.8/13.8 kV 
Transformer #110B: Westinghouse 75 / 84 MVA 110 kV to 13.8/13.8 kV 

 
 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 75 / 84 MVA 100 MVA 94 MVA 
110B 75 / 84 MVA 100 MVA 94 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

150 MVA 87 MVA* 0 MVA 0 MVA 87 MVA 
*Based upon loss of either 110A/329-512 or 110B/329-513. 

  
Switching Actions: 
 
Loss of Transformer #110A also isolates the 329-512 Line and 110A @ Scotia St 
 

Open: OCB’s 1 & 2 @ Kingston St 
 OCB’s 3 & 6 @ Brighton 
 Circuit Switcher CS771 @ Scotia St 
 Circuit Switcher CS771 

Both 110A 13.8kV Secondary Circuit Breakers 
Close: The ABR scheme closes the normally open section #1 tie breaker. 
 Manually close OCB’s 1 & 2 @ Kingston St 
 Manually close OCB’s 3 & 6 @ Brighton 
 Manually close CS771 and restore 110A @ Scotia St 
 

Loss of Transformer #110B also isolates the 329-513 Line and 110B @ Scotia St 
 

Open: OCB’s 4 & 5 @ Kingston St 
 OCB’s 9 & 12 @ Brighton 
 Circuit Switcher CS770 @ Scotia St 
 Circuit Switcher CS770 

Both 110B 13.8kV Secondary Circuit Breakers 
Close: The ABR scheme closes the normally open section #1 tie breaker. 
 Manually close OCB’s 4 & 5 @ Kingston St 
 Manually close OCB’s 9 & 12 @ Brighton 
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 Manually close CS770 and restore 110B @ Scotia St 
 
 
Results: 
 

Loading  - No heavy loading conditions were identified  
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required:  None 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #106 ANDREW SQUARE 

 
Transformer #110A:Cooper Power Systems 24 / 32 / 40 MVA 117 kV to 14.4 kV 
Transformer #110B:  Cooper Power Systems 24 / 32 / 40 MVA 117 kV to 14.4 kV 
Transformer #110C:  Cooper Power Systems 24 / 32 / 40 MVA 117 kV to 14.4 kV 
Transformer #110D:  Cooper Power Systems 24 / 32 / 40 MVA 117 kV to 14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 24/32/40 MVA 40 MVA* 40 MVA* 
110B 24/32/40 MVA 40 MVA* 40 MVA* 
110C 24/32/40 MVA 40 MVA* 40 MVA* 
110D 24/32/40 MVA 40 MVA* 40 MVA* 

 
*Andrew Square units derated to top nameplate rating due to tap changer restrictions 
 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

160 MVA 120 MVA* 0 MVA 0 MVA 120 MVA 
*Based upon loss of one transformer and activation of the 115 KV restoral scheme. 

 
  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: OCB #1  (OCB #2 is normally open) 
 Circuit Switcher CS770 

Main 110A 13.8kV Secondary Circuit Breaker 
Close: ABR scheme closes 13.8 KV bus ties 
 Manually close OCB #1 

 
Loss of Transformer #110B: 
 

Open: OCB #3  (OCB #2 is normally open) 
 Circuit Switcher CS771 

Main 110B 13.8kV Secondary Circuit Breaker 
 Close: ABR scheme closes 13.8 KV bus ties 
  Manually close OCB #3 
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Loss of Transformer #110C, 483-525 Line and 110B @ Dewar St 
 

Open: OCB’s 4 & 7 @ K Street 
 CS770 @ Dewar St (110B transformer) 
 OCB #1 
 Circuit Switcher CS772 

Main 110C 13.8kV Secondary Circuit Breaker 
Close: ABR scheme closes 13.8 KV bus ties 
 115 KV ABR scheme closes OCB #2 
 ABR scheme closes 13.8 KV bus ties @ Dewar St. 
 Manually close OCB’s 4 & 7 @ K Street. 
 Manually close CS770 and restore 110B @ Dewar St 
  

 
Loss of Transformer #110D, 483-524 Line and 110A @ Dewar St 
 

Open: OCB’s 13 & 14 @ K Street 
 CS771 @ Dewar St (110A transformer) 
 OCB #3 
 Circuit Switcher CS774 

Main 110D 13.8kV Secondary Circuit Breaker 
Close: ABR scheme closes 13.8 KV bus ties 
 115 KV ABR scheme closes OCB #2 
 ABR scheme closes 13.8 KV bus ties @ Dewar St 
 Manually close OCB’s 13 & 14 @ K Street 
 Manually close CS771 and restore 110A @ Dewar St 

 
Results: 
 

Total firm transformation of 120 MVA exceeded by 27%, with approximately 32.0 MW of 
load at risk of load shed for loss of a transformer.  No transfer capability with any other station 
from Station 106 Andrew Square. 

 
Loading  - For loss of any transformer, remaining in-service transformers each 

loaded 27% beyond 40 MVA top nameplate. 
 
Voltage  - None 

 
Additional Actions Required: 
 
Remedial Project: Install distribution infrastructure including RADSEC controlled switches to 
support load transfers from Station #106 Andrew Square to Station #4 L Street.  At Station #106 
Andrew Square install an on-site spare transformer (110E) that can be manually switched into service 
should any of Station #106 transformers were to experience a failure. 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #110 BAKER STREET 

 
Transformer #110A: Westinghouse 75 MVA 110 / 66 / 24.4 kV 
Transformer #110B:  Westinghouse 75 MVA 110 / 66 / 24.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 75 MVA 113 MVA 106 MVA 
110B 75 MVA 103 MVA 96 MVA 

 
 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

150 MVA 89 MVA 15 MVA 0 MVA 104 MVA 
  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #8 and #9 
Main 24kV Circuit Breaker #6 
Disconnect Switch #T730 

Close: Nothing on 24kV side, bus ties normally operated closed. 
 Circuit Breakers #8 and #9 to close 115kV ring. 

 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #11 and #12  
Main 24kV Circuit Breaker #9 

  Disconnect Switch #T731 
 Close: Nothing on 24kV side, bus ties normally operated closed. 
  Circuit Breakers #11 and #12 to close 115kV ring. 
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Results: 

 
Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required: 
 
None. 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #329 BRIGHTON 

 
Transformer #110A: Waukesha 75/110/125 MVA 115/14.4/14.4 kV 

Transformer #110B:  Allis Chalmers 100 MVA 110/24.3/13.8/13.8 kV 
Transformer #110C:  Westinghouse 100 / 112 MVA 110/13.8/13.8 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 84/112/140 MVA 175 MVA 164 MVA 
110B 100 MVA 142 MVA 132 MVA 
110C 100/112 MVA 142 MVA 133 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

340 MVA 244 MVA 15 MVA 2 MVA 261 MVA 
 
  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #5 and #6 
 Disconnect Switch #T730 

Main 110A 13.8kV Circuit Breaker 
Close: Sections 1, 3 and 5 operate normally closed. 
 Sections 2, 4 and 6 operate normally open.  Upon the loss of transformer 110A the 

ABR scheme closes section #4 and section #6 tie breakers. Sections 2, 4 and 6 are now 
tied together. 

 Circuit Breakers #5 and #6 to close 115kV ring 
 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #8 and #9 
 Disconnect Switch #T731 

Main 110B 13.8kV Circuit Breaker 
Close:  Sections 1, 3 and 5 operate normally closed. 
 Sections 2, 4 and 6 operate normally open.  Upon the loss of transformer 110B the 

ABR scheme closes section #4 and section #6 tie breakers. Sections 2, 4 and 6 are now 
tied together. 

 Circuit Breakers #8 and #9 to close 115kV ring 
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Loss of Transformer #110C: 
 

Open: Circuit Breakers #2 and #3 
 Circuit Switcher #CS771 

Main 110c 13.8kV Circuit Breaker 
Close: Sections 1, 3 and 5 operate normally closed. 
 Sections 2, 4 and 6 operate normally open. Upon the loss of transformer 110C the 

ABR scheme closes the section #4 and section #6 tie breakers. Sections 2, 4 and 6 are 
now tied together. 

 Circuit Breakers #2 and #3 to close 115kV ring 
 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
 
Additional Actions Required: 

 
None 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #483 DEWAR STREET 

 
Transformer #110A: McGraw-Edison 84 / 112 / 140 MVA 115/14.4/14.4 kV 
Transformer #110B: General Electric 84 / 112 / 140 MVA 115/14.4/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 84/112/140 MVA 175 MVA 164 MVA 
110B 84/112/140 MVA 182 MVA 170 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

265 MVA 151 MVA* 0 MVA 2 MVA 153 MVA 
* Based upon 110A/483-524 or 110B/483-525. 
  
Switching Actions: 
 
Loss of Transformer #110A also isolates the 483-524 Line and 110D @ Andrew Sq 
 

Open: OCB’s 13 & 14 @ K Street 
 OCB 3 and CS774 @ Andrew Sq (110D transformer) 
 Circuit Switcher CS771 

Both Main 110A 13.8kV Circuit Breakers 
Close: ABR scheme closes bus ties 
  Manually close OCB’s 13 & 14 @ K Street 
 Manually close OCB 3, CS774 and restore 110D @ Andrew Sq 

 
Loss of Transformer #110B also isolates the 483-525 Line and 110C @ Andrew Sq 
 

Open: OCB’s 4 & 7 @ K Street 
 OCB 1 and CS772 @ Andrew Sq (110C transformer) 
 Circuit Switcher CS770 

Both Main 110B 13.8kV Circuit Breakers 
 Close: ABR scheme closes bus ties 

 Manually close OCB’s 4 & 7 @ K Street 
  Manually close OCB 1, CS772 and restore 110C @ Andrew Sq 
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Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
 
Additional Actions Required:  None
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #492 SCOTIA STREET 

 
Transformer #110A: McGraw-Edison 84 / 112 / 140 MVA 115/14.4/14.4 kV 
Transformer #110B: McGraw-Edison 84 / 112 / 140 MVA 115/14.4/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 84/112/140 MVA 175 MVA 164 MVA 
110B 84/112/140 MVA 173 MVA 162 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

250 MVA 151 MVA* 0 MVA 0 MVA 151 MVA 
* Based upon loss of 110A/329-512 Line or 110B/329-513 Line. 
  
Switching Actions: 
 
Loss of Transformer #110A also isolates the 329-512 line and 110A transformer @ Carver St 
 

Open: OCB’s 1 & 2 @ Kingston St 
 OCB’s 3 & 6 @ Brighton 
 Circuit Switcher CS771 and the 110A transformer @ Carver St 
 Circuit Switcher CS771 

Both Main 110A 13.8kV Circuit Breakers 
Close: Nothing, bus tie operated normally closed 
 Manually close OCB’s 1 & 2 @ Kingston St 
 Manually close OCB’s 3 & 6 @ Brighton 
 Manually close CS771 and restore 110A @ Carver St 

 
Loss of Transformer #110B also isolates the 329-513 line and 110B transformer @ Carver St 
 

Open: OCB’s 4 & 5 @ Kingston St 
 OCB’s 9 & 12 @ Brighton 
 Circuit Switcher CS770 and the 110B transformer @ Carver St 
 Circuit Switcher CS770 

Both Main 110B 13.8kV Circuit Breakers 
 Close: Nothing, bus tie operated normally closed 

 Manually close OCB’s 4 & 5 @ Kingston St 
 Manually close OCB’s 9 & 12 @ Brighton 
 Manually close CS770 and restore 110B @ Carver St 
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Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required:  None
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #496 HYDE PARK 

 
Transformer #110A: General Electric 84 / 112 / 140 MVA 115/14.4/14.4 kV 
Transformer #110B: General Electric 84 / 112 / 140 MVA 115/14.4/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 84/112/140 MVA 182 MVA 170 MVA 
110B 84/112/140 MVA 182 MVA 170 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

280 MVA 151 MVA* 0 MVA 5 MVA 156 MVA* 
* Based upon loss of 110A/496-528 line or 110B/496-529 line. 
  
Switching Actions: 
 
Loss of Transformer #110A and 496-528 Line 
 

Open: OCB’s 14 & 15 @ Baker St 
 Circuit Switcher CS770 

Both Main 110A 13.8kV Circuit Breakers 
Close: ABR scheme closes bus ties automatically 
 Manually close OCB’s 14 & 15 @ Baker St 

 
Loss of Transformer #110B and 496-529 Line 
 

Open: OCB’s 4 & 5 and CS770 @ Baker St 
 Circuit Switcher CS771 

Both Main 110B 13.8kV Circuit Breakers 
 Close: ABR scheme closes bus ties automatically 
  Manually close OCB’s 4 & 5 and CS770 @ Baker St 
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Results: 
 

While not required for loss of either transformer, transfer of the following DSS lines via 
RADSEC and/or manual switches may also be conducted for load relief: 

 
Hyde Park 496-H2 to Canton 470-H7 via RADSEC MRU 841 and manual switch on P3/224 
for a transfer of 3.1 MVA 

 
Hyde Park 344-1412H to Station 20-H3 via manual switch P130/1 and RADSEC MRU 544 
for a transfer of 2.2 MVA 

 
Total Transfer:  5.3 MVA 
 

Loading  No heavy loading conditions were identified. 
 
Voltage  For the load transfer of 496-H2 to 470-H7, a switched capacitor bank 

may be required for post-contingency low voltage mitigation. 
 

Additional Actions Required: 
 
 
None 
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344-1312H & H1 Normal State.  No problems during normal conditions.  
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Voltage Drop Summary 
 
 
Feeder 344-1412H & H1 
Substation STA496 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 6961.14 2484.66 7391.28 94.18
Total load used (Adjusted) 6962.04 2485.91 7392.55 94.18
Total shunt capacitor (Adjusted)  1323.47 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  538.05 
Total losses 83.97 1151 1154.06 7.28
     
Total power from substation 7046.01 1775.4 7266.25 96.97
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1101303-39 93.65
Overload B 0 1101303-39 93.66
 C 0 1101303-39 93.64
 A 0 1101194-1 98.99
Low Voltage B 0 1101194-17 98.69
 C 0 1101194-347 98.96
 A 0 1101303-3 103.48
High Voltage B 0 1101303-3 103.48
 C 0 1101303-3 103.48
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496-H2 to 470-H7 load transfer.  Voltage problems occurred during load transfer, one 1350 kVAR capacitor bank was installed on section 
1100902-382 of circuit 470-H7.  Normal voltage is maintained during the load transfer with the installation of the capacitor bank. 
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Voltage Drop Summary 
 
 
Feeder 470-H7 
Substation STA470 
Source Voltage 14.49 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 10248.95 6477.24 12124.17 84.53
Total load used (Adjusted) 10250.14 6478.44 12125.82 84.53
Total shunt capacitor (Adjusted) 5127.85
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 369.57
Total losses 479.17 2364.03 2412.1 19.87
     
Total power from substation 10729.31 3345.05 11238.66 95.47
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100902-155 96.72
Overload B 0 1100902-155 94.37
 C 0 1100902-155 97.98
 A 0 1100902-244 95.01
Low Voltage B 0 1100902-244 95.41
 C 0 1100902-244 95.25
 A 1 1100902-590 105
High Voltage B 1 1100902-590 105
 C 1 1100902-590 105
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Voltage Drop Summary 
 
 
Feeder 496-H2 
Substation STA496 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 1882.68 1373.43 2330.41 80.79
Total load used (Adjusted) 1882.66 1373.39 2330.37 80.79
Total shunt capacitor (Adjusted)  1455.81 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  368.09 
Total losses 11.43 85.9 86.66 13.19
     
Total power from substation 1894.09 -364.61 1928.87 -98.2
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100962-3 12.98
Overload B 0 1100962-3 14.17
 C 0 1100962-3 15.72
 A 0 1100962-335 100.75
Low Voltage B 0 1100962-438 99.72
 C 0 1100962-335 100.37
 A 0 1100962-289 104.07
High Voltage B 0 1100962-162 104.06
 C 0 1100962-162 103.7
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #514 KINGSTON STREET 

 
Transformer #110A: McGraw-Edison 84 / 112 / 140 MVA 115/14.4/14.4 kV 
Transformer #110B: McGraw-Edison 84 / 112 / 140 MVA 115/14.4/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 84/112/140 MVA 180 MVA 168 MVA 
110B 84/112/140 MVA 180 MVA 168 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

280 MVA 151 MVA* 0 MVA 0 MVA 151 MVA 
* Based upon loss of 110A/385-510 or 110B/385-511. 
  
Switching Actions: 
 
Loss of Transformer #110A also isolates the 385-510 Line and Transformers 110A&110B @ High St 
 

Open: OCB’s 8 & 9 @ Kingston St 
 OCB’s 10 & 11 @ K Street 
 Circuit Switchers CS770 (110A Tranf) and CS773 (110B Tranf) @ High St 
 Circuit Switcher CS771 

Both Main 110A 13.8kV Circuit Breakers 
Close: Nothing, bus tie operated normally closed 
 Manually close OCB’s 8 & 9 @ Kingston St 
 Manually close OCB’s 10 & 11 @ K Street 
 Manually close Circuit Switchers CS770 and CS773 and restore 110A & 110B @ 

High St 
 
Loss of Transformer #110B also isolates the 385-511 Line and Transformers 110C&110D @ High St 
 

Open: OCB’s 6, 10 & 11 @ Kingston St 
 OCB’s 17 & 18 @ K Street 
 Circuit Switchers CS776 (110C Tranf) and CS775 (110D Tranf) @ High St 
 Circuit Switcher CS770 

Both Main 110B 13.8kV Circuit Breakers 
 Close: Nothing, bus tie operated normally closed 

 Manually close OCB’s 6, 10 & 11 @ Kingston St 
 Manually close OCB’s 17 & 18 @ K Street 
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 Manually close Circuit Switchers CS776 and CS775 and restore 110C & 110D @ 
High St 

 
 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
 
Additional Actions Required:   
 
None
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #828 ALEWIFE (CELCO) 

 
Transformer T1: McGraw-Edison 30/40/50 [56] MVA 117.5/1.4 kV 
Transformer T2: McGraw-Edison 30/40/50 [56] MVA 117.5/1.4 kV 
Transformer T4: McGraw-Edison 30/40/50 [56] MVA 117.5/1.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
T1 30/40/50 [56] MVA 71 MVA 66 MVA 
T2 30/40/50 [56] MVA 70 MVA 64 MVA 
T4 30/40/50 [56] MVA 70 MVA 64 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

168 MVA 119 MVA 0 MVA 0 MVA 119 MVA 
 
  
Switching Actions: 
 
 
Loss of Transformer #T1: 
 

Open: Circuit Breakers #3 and #4 at Station 509 N. Cambridge 
 Main 13.8kV Circuit Breaker #26B72 
 Disconnect Switch #T732 at Station 509 N. Cambridge 
Close: Circuit Breakers #3 and #4 at Station 509 N. Cambridge 
 13.8kV Bus Ties Operated Normally Closed 

 
Loss of Transformer #T2: 
 

Open: Circuit Breakers #6 and #7 at Station 509 N. Cambridge 
 Main 13.8kV Circuit Breaker #26B82 
 Disconnect Switch #T734 at Station 509 N. Cambridge 
Close: Circuit Breakers #6 and #7 at Station 509 N. Cambridge 
 13.8kV Bus Ties Operated Normally Closed 
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Loss of Transformer #T4: 
 

Open: Circuit Breakers #1 and #2 at Station 509 N. Cambridge 
 Main 13.8kV Circuit Breaker #26B102 
 Disconnect Switch #T733 at Station 509 N. Cambridge 
Close: Circuit Breakers #1 and #2 at Station 509 N. Cambridge 

  13.8kV Bus Ties Operated Normally Closed 
 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required: 
 
 None



PAGE 50 OF 226 

 

 



PAGE 51 OF 226 

 

 



PAGE 52 OF 226 

 

One Alewife 
Transformer Out 
of Service 
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2003 T&D OPERATING STUDY 
MASS. AVENUE DISTRICT 

 
STATION #831 PUTNAM (CELCO) 

 
Transformer A:  General Electric 37.5/50/62.5 [70] MVA 117.5 / 14.4 kV 
Transformer B:  General Electric 37.5/50/62.5 [70] MVA 117.5 / 14.4 kV 
Transformer C:  General Electric 37.5/50/62.5 [70} MVA 117.5 / 14.4 kV 

  
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
A 37.5/50/70 MVA 86 MVA 81 MVA 
B 37.5/50/70 MVA 86 MVA 81 MVA 
C 37.5/50/70 MVA 86 MVA 81 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

210 MVA 149 MVA 0 MVA 0 MVA 149 MVA 
 
 
  
Switching Actions: 
 
Loss of Transformer A: 
 

Open: Circuit Breakers #1 and #2 
13.8 kV Circuit Breakers 1AHT2 and 1BGT2 

  Disconnect Switch #115A 
Close: Circuit Breakers #1 and #2 
 Transformers A and B normally operated in parallel, no 13.8kV tie breakers need to be 

closed 
Close 13.8kV Tie Breakers EH3T2 to tie E bus to H bus and FG3T2 to tie F bus to G bus. 

 
Loss of Transformer B: 
 

Open: Circuit Breakers #2 and #3 
13.8 kV Circuit Breakers 2CHT2 and 2DGT2 

  Disconnect Switch #115B 
Close: Circuit Breakers #2 and #3 
 Transformers A and B normally operated in parallel, no 13.8kV tie breakers need to be 

closed 
Close 13.8kV Tie Breakers EH3T2 to tie E bus to H bus and FG3T2 to tie F bus to G bus. 
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Loss of Transformer C: 
 

Open: Circuit Breakers #4 and #5 
13.8 kV Circuit Breakers 3EHT2 and 3FGT2 

  Disconnect Switch #115C 
Close: Circuit Breakers #4 and #5 
 Close 13.8kV Tie Breakers EH3T2 to tie E bus to H bus and FG3T2 to tie F bus to G 

bus. 
 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required:  
 
 None
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Putnam “A” out of Service; 
Close Bus Ties to Putnam 
“C” to prevent overload of 
“B” Transformer 



PAGE 58 OF 226 

 

Putnam “C” 
Transformer Out of 
Service; close ties to 
“A” and “C” transformer 
busses to prevent 
overload of 13.8kV DSS 
System to Kendall 
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Framingham District 
Bulk Substation Transformer Outages 

 
Thermal Results and Remedial Switching Actions  

Distribution Supply Line Outages 
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #126 HOPKINTON 

 
Transformer #110A:  North American 24/32/40 MVA 117/14.4 kV 
Transformer #110B:   North American 24/32/40 MVA 117/14.4 kV 

  
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 24/32/40 MVA 47 MVA 43 MVA 
110B 24/32/40 MVA 47 MVA 43 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

80 MVA 40 MVA* 17.4 MVA 0 MVA 57.4 MVA 
*Based upon loss of 110A/126-502 or 110B/126-501. 
  

Switching Actions: 
 
Loss of Transformer #110A and 126-502 Line: 
 

Open: GCB #2 @ Milford 
 Circuit Switcher CS770 

  Main 110A 13.8kV Secondary Circuit Breakers 
Close: ABR Scheme Closes 13.8kV Bus Tie Breaker 
 Manually close GCB #2 @ Milford 

 
Loss of Transformer #110B and 126-501 Line: 
 

Open: GCB #1 @ Milford 
 Circuit Switcher CS771 

Main 110B 13.8kV Secondary Circuit Breakers 
 Close: ABR Scheme Closes 13.8kV Bus Tie Breaker 
  Manually close GCB #1 @ Milford 
 
For loss of either transformer, transfer of the following DSS lines via RADSEC switches would also 
be required: 
  
Hopkinton 126-H3 to Medway 65-H6 via RADSEC MRU 457 for a transfer of 7.7 MVA 
Hopkinton 126-H2 to Medway 65-H2 via RADSEC MRU 459 for a transfer of 3.8 MVA 
Hopkinton 126-H4 to W. Framingham 455-H3 via RADSEC MRU 264 for a transfer of 5.9 MVA 
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Total Transfer:  17.4 MVA 
 
 
 
 
 
Results: 
 

Loading  - For the load transfer of 126-H2 to 65-H-2 there may be some heavy 
loading conditions that may require the replacement of a voltage 
regulator on 65-H2. 

 
Voltage  - No Low Voltage conditions were identified. 

 
Additional Actions Required: 
 
 None



 

 

 



 

126-H2 to 65-H2 load transfer 65-H2 has a stepdown xfmr, and a regulator loaded toemergency 
load levels (102%, which is acceptable).  126-H2 has no violations. 
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Voltage Drop Summary 
 

 

Feeder 65-H2 
Substation STA65 

Source Voltage 14.49 kVLL,     0.00 Deg. 

 

Parameters 
Analysis Type Unbalanced Voltage Drop 

Flag Levels Summer, Nominal 

Load Model Nominal 

Load Factor 1.00 x (kW)     1.00 x (kVAR) 

 

 

Load Summary 
 Total Load 

 kW kVAR kVA PF(%) 

Total load read (Non-adjusted) 10145.35 4793.8 11220.9 90.41

Total load used (Adjusted) 10091.34 4755.68 11155.79 90.46

Total shunt capacitor (Adjusted) 2641.95  

Total shunt reactor (Adjusted) 0  

Total load from motor 0 0 0 0

Total power from generator 0 0 0 0

Total power to other feeder(s) (Loop) 0 0 0 0

Total conductor capacitances 626.22  

Total losses 791.92 1294.17 1517.24 52.19

     

Total power from substation 10883.26 2781.69 11233.13 96.89

 

 



 

 
Voltage Drop Summary 
 
 
Feeder 126-H2 
Substation STA126 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR)
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%) 
Total load read (Non-adjusted) 0 0 0 0
Total load used (Adjusted) 0 0 0 0
Total shunt capacitor (Adjusted) 0
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 5.99
Total losses 0 0 0 0
     
Total power from substation 0 -5.99 5.99 0

 



 

 

  
                   
                  

Feeder 
Id Section Id Equipment Id Code 

Phas
e VA VB VC 

VA 
(kVLN)

VB 
(kVLN)

VC 
(kVLN)

IA 
(Amps)

IB 
(Amps)

IC 
(Amps) 

Loading 
A 

(%) 

Loading 
B 

(%) 

Loading 
C 

(%) 

Thru 
Power 

A 
(kW)

Thru 
Power 

B 
(kW)

Thru 
Power 

C 
(kW)

Thru 
Power 

A 
(kVAR)

Thru 
Power 

B 
(kVAR) 

Thru 
Power 

C 
(kVAR) 

65-H2 1101130-326 RGX250_13.8 REG ABC 124.4 125.5 124.4 8.3 8.3 8.3 369.1 328.9 365.9 112.5 100.3 111.5 2879 2602 2882 673.9 545.3 532
65-H2 1101200-915 SDX167_13.8_4 XFO ABC 119.7 119.7 120.7 2.4 2.4 2.4 28.2 29.8 29.3 101.2 109.5 114.2 186.1 198.4 189.2 112.6 119.7 124.2
 



 

126-H3 to 65-H6 Emergency load transfer 
No violations on 126-H3; one heavily loaded transformer on 65-H6 and some conductors on 65-
H6 are loaded to emergency load levels (acceptable % overload).  
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Voltage Drop Summary 
 
 
Feeder 65-H6 
Substation STA65 
Source Voltage 14.49 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 6451.79 3350.56 7269.93 88.75
Total load used (Adjusted) 6561.69 3419.32 7399.15 88.68
Total shunt capacitor (Adjusted) 2835.52
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 507.27
Total losses 317.95 551.67 636.74 49.93
     
Total power from substation 6879.64 628.2 6908.26 99.59
 
 

 



 

 
Voltage Drop Summary 
 
 
Feeder 126-H3 
Substation STA126 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR)
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%) 
Total load read (Non-adjusted) 0 0 0 0
Total load used (Adjusted) 0 0 0 0
Total shunt capacitor (Adjusted) 0
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 6.66
Total losses 0 0 0 0
     
Total power from substation 0 -6.66 6.66 0
 
 
 

 



 

 

                 
                 
              

                    

Feeder 
Id Section Id Equipment Id Code Phase VA VB VC

VA 
(kVLN)

VB 
(kVLN)

VC 
(kVLN)

IA 
(Amps)

IB 
(Amps)

IC 
(Amps) 

Loading 
A 

(%) 

Loading 
B 

(%) 

Loading 
C 

(%) 

Thru 
Power 

A 
(kW)

Thru 
Power 

B 
(kW)

Thru 
Power 

C 
(kW)

Thru 
Power 

A 
(kVAR)

Thru 
Power 

B 
(kVAR) 

Thru 
Power 

C 
(kVAR) 

65-H6 1101193-66 3-2_AL COND ABC 125.3 124.7 125.6 2.5 2.5 2.5 132.1 138.4 135.9 101.6 106.5 104.5 324.4 339 332.8 71.3 72 81.6
65-H6 1101193-67 3-2_AL COND ABC 124.4 123.8 124.7 2.5 2.5 2.5 132.1 138.4 135.9 101.6 106.5 104.5 323.4 337.9 331.8 70.9 71.5 81.3
65-H6 1101193-78 3-2_AL COND ABC 124.2 123.6 124.5 2.5 2.5 2.5 117 138.4 135.9 90 106.5 104.5 284.7 335.5 329.5 62 70.5 80.4

   
 



 

126-H4 to 455-H3 load transfer 
Heavily loaded regulator on 455-H3; 6 heavily loaded sections on 455-H3.  126-H4 has no 
violations. 
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Voltage Drop Summary 
Feeder 455-H3 
Substation STA455 
Source Voltage 14.28 kVLL,     0.00 Deg. 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%) 
Total load read (Non-adjusted) 11710.37 5279.68 12845.53 91.16 
Total load used (Adjusted) 11836.9 5336.68 12984.31 91.16 
Total shunt capacitor (Adjusted)  2815.64   
Total shunt reactor (Adjusted)  0   
Total load from motor 0 0 0 0 
Total power from generator 0 0 0 0 
Total power to other feeder(s) (Loop) 0 0 0 0 
Total conductor capacitances  679.51   
Total losses 635.31 1017.59 1199.62 52.96 
     
Total power from substation 12472.21 2859.13 12795.72 97.47 
 

 



 

 
 

Voltage Drop Summary 
Feeder 126-H4 
Substation STA126 

Source Voltage 14.28 kVLL,     0.00 Deg. 
Parameters 
Analysis Type Unbalanced Voltage Drop 

Flag Levels Summer, Nominal 

Load Model Nominal 

Load Factor 1.00 x (kW)     1.00 x (kVAR)
Load Summary 
 Total Load 

 kW kVAR kVA PF(%) 

Total load read (Non-adjusted) 0 0 0 0 

Total load used (Adjusted) 0 0 0 0 

Total shunt capacitor (Adjusted)  0   

Total shunt reactor (Adjusted)  0   

Total load from motor 0 0 0 0 

Total power from generator 0 0 0 0 

Total power to other feeder(s) (Loop) 0 0 0 0 

Total conductor capacitances  8.86   

Total losses 0 0 0 0 

     

Total power from substation 0 -8.86 8.86 0 

 



 

 

   
                    
                    
                    
                    
                
                

 

Feeder 
Id Section Id 

Equipment 
Id Code 

Phas
e VA VB VC 

VA 
(kVLN)

VB 
(kVLN)

VC 
(kVLN)

IA 
(Amps)

IB 
(Amps)

IC 
(Amps) 

Loading 
A 

(%) 

Loading 
B 

(%) 

Loading 
C 

(%) 

Thru 
Powe

r A
(kW)

Thru 
Powe

r B
(kW)

Thru 
Powe

r C
(kW)

Thru 
Power 

A 
(kVAR)

Thru 
Power 

B 
(kVAR) 

Thru 
Power 

C 
(kVAR) 

455-H3 1100854-4 3-336_ACSR COND ABC 124.1 124.1 124.1 8.2 8.2 8.2 507.9 529.6 514.7 103.6 108.1 105 4081 4258 4129 929.5 958.3 970.6
455-H3 1100854-3 3-336_ACSR COND ABC 124.1 124.1 124.1 8.2 8.2 8.2 507.9 529.6 514.7 103.6 108.1 105 4081 4257 4129 928.8 957.5 969.8
455-H3 1100854-2 3-336_ACSR COND ABC 123.9 123.9 123.9 8.2 8.2 8.2 507.9 529.6 514.7 103.6 108.1 105 4080 4257 4128 928.1 956.6 969
455-H3 1100854-5 3-336_ACSR COND ABC 123.9 123.9 123.9 8.2 8.2 8.2 504.7 525.2 511.8 103 107.2 104.5 4051 4219 4103 911.7 935.5 952.5
455-H3 1100854-29 3-336_ACSR COND ABC 123.8 123.8 123.8 8.2 8.2 8.2 504.7 525.2 511.8 103 107.2 104.5 4050 4217 4101 909.6 933.1 950.3
455-H3 1100854-42 3-336_ACSR COND ABC 123.7 123.7 123.7 8.2 8.2 8.2 501.5 520.8 509 102.3 106.3 103.9 4023 4181 4077 895.5 914.6 936.2
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #240 FRAMINGHAM 

 
Transformer #110A:  Westinghouse 24/32 MVA 115/13.8 kV 
Transformer #110C:  Westinghouse 24/32 MVA 115/13.8 kV 

  
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 24/32 MVA 47 MVA 42 MVA 
110C 24/32 MVA 47 MVA 42 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

64 MVA 58 MVA (A) 13.1 MVA 15.3 MVA 86.4 MVA 
 
(A) Firm Capacity includes the dispatch of 2-14 kV Sithe Framingham generators at 10 MVA each. 
 
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #1, #4, and #7 in 115kV Ring 
 Disconnect Switch #T730 

  Main 110A 13.8kV Secondary Circuit Breaker 
Close: 13.8kV Bus Ties Normally Closed 
 Manually close OCB’s #1, #4, and #7 in 115kV Ring 

 
Loss of Transformer #110C: 
 

Open: Circuit Breakers #8 and #9 in 115kV Ring 
Disconnect Switch #731 

  Main 110C 13.8kv Secondary Circuit Breaker 
 Close: 13.8kV Bus Ties Normally Closed 
  Manually close OCB’s #8 and #9 in 115kV Ring 
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For loss of either transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
  
Framingham 240-H2 to Speen St 433-H12 via manual switch on P1008/69B1-2 and Station Breaker 
240-H2 for a peak transfer of 6.6 MVA. 
Framingham 240-H3 to West Framingham 455-H5 via manual switch on P244/75 and RADSEC 
switch on P479/16 for a peak transfer of 2.4 MVA. 
Framingham 240-H3 to Speen St 433-H8 via RADSEC switches on P53/79 and P53/51 for a peak 
transfer of 3.0 MVA. 
Framingham 240-H3 to Speen St 433-H12 (via 240-H2) via RADSEC switch on P274/11 and Station 
Breaker 240-H3 for a peak transfer of 10.1 MVA. 
Framingham 240-H4 to Sherborn 519-75H via manual switch on P347/0 and Station Breaker 240-H4 
for a peak transfer of 4.5 MVA. 
Framingham 23-H1 to Speen St 433-H5 via manual switches on P137/32 and P206/22 for a peak 
transfer of 0.7 MVA. 
Framingham 23-H1 to Speen St 433-H7 via manual switch on P206/56 and RADSEC switch on 
P19/42 for a peak transfer of 1.1 MVA. 
 
Total Transfers:  28.4 MVA 
 
 
Results: 
 
 Loading  For the load transfer of 240-H4 to 519-75H there may be heavy loading 

conditions in the 500 kcmil station getaway of 519-75H.  This loading 
condition may require an upgrade/reconductoring of the conductor. 

 
   For the load transfer of 240-H3 to 455-H5 there may be heavy loading 

conditions in the 800 kcmil station getaway of 455-H5, but is within 
applicable emergency limits.  In addition some of the overhead #4 
copper primary conductors on circuit 240-H3 may be heavily loaded 
and may require an upgrade/reconductoring of the conductor. 

 
   For the load transfer of 240-H3 to 433-H8 there may be heavy loading 

conditions in 336 ACSR conductor on circuit 433-H8, but within 
applicable emergency ratings.  In addition some of the overhead #4 
copper conductor on circuit 240-H3 may be heavily loaded and may 
require an upgrade/reconductoring of the conductor. 

 
   For the load transfer of 240-H3 to 433-H12 via the 240-H2 circuit, 

there may be heavy loading conditions on portions of the 433-H12; 
including the 500 kcmil station getaway, #2 copper, 1/0 Aluminum, 2/0 
Aluminum, and #4 Copper overhead primary.  These heavy loading 
conditions may require an upgrade/reconductoring of the conductor. 

 
For the load transfer of 240-H2 to 433-H12, there may be heavy loading 
conditions in 2/0 and 1/0 Aluminum primary conductors  and may 
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require an upgrade/reconductoring. 
 

Voltage  - For the load transfer of 240-H3 to 433-H12 via 240-H2 may result in 
load voltages conditions on “A” and “C” phases of some laterals; the 
voltages are within ANSI “B”. 

 
Additional Actions Required: 
 
 None.
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #274 SHERBORN 

 
Transformer #110A:  Cooper Power Systems 24/32/40 MVA 115/14.4 kV 
Transformer #110B   Cooper Power Systems 24/32/40 MVA 115/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 24/32/40 MVA 49 MVA 44 MVA 
110B 24/32/40 MVA 49 MVA 45 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

80 MVA 41 MVA* 15.1 MVA 4.9 MVA 61 MVA 
* Based upon loss of 110B/240-508 Line. 
  
Switching Actions: 
 
Loss of Transformer #110A and 274-509 Line: 
 

Open: OCB’s 7 & 8 @ Medway 
 OCB #1 
 Circuit Switcher #CS773 

  Main 110A 13.8kV Secondary Circuit Breaker 
Close: Manually close 13.8kV Bus Tie Breaker 
 Manually close OCB #1 
 Manually close OCB’s 7 & 8 @ Medway 

 
Loss of Transformer #110B and 240-508 Line: 
 

Open: OCB’s 3, 5 & 9 @ Framingham 
 OCB #2 
 Circuit Switcher #CS772 
 Main 110B 13.8kV Secondary Circuit Breaker 

 Close: Manually close 13.8kV Bus Tie Breaker 
  Manually close OCB #2 
  Manually close OCB’s 3, 5 & 9 @ Framingham 
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For loss of either transformer, transfer of the following DSS lines via RADSEC and/or manual 
switches may also be required: 
  
Sherborn 274-H2 to Medway 65-H3 via RADSEC switch on P76/13 and manual switch on P36/54 
for a peak transfer of 0.6 MVA. 
Framingham 240-H2 to Speen St 433-H12 via manual switches on P1008/69B1-2 and P1008/40B for 
a peak transfer of 8.3 MVA. This load is not removed from Sherborn, however it creates capability 
for transfers below. 
Sherborn 274-H4 to Speen St 433-H12 (via 240-H2) via manual switches on P227/27 and P14/34 for 
a peak transfer of 9.7 MVA. 
Sherborn 274-H4 to Framingham 240-H1 via RADSEC switches on P31/13 and P15/22 for a peak 
transfer of 5.4 MVA 
Sherborn 65-1325H1 to Hopkinton 126-H2 via manual switch on P36/32 and RADSEC switch on 
P6/32 for a peak transfer of 2.9 MVA. 
Sherborn 65-1325H6 to West Framingham 455-H3 via manual switch on P3/32 and RADSEC switch 
on P26/26 for a peak transfer of 1.5 MVA. 
 
Total Transfer:  20.0 MVA 
 
Results: 
 

Loading  - For the load transfer from 274-H4 to 240-H1, there may be heavy 
loading conditions of 336 ACSR conductor, but within applicable 
emergency limits. 

 
   For the load transfer of 274-H4 to 433-H12 through the 240-H2 circuit, 

there may be heavy loading conditions on the 500 kcmil station 
getaway on 433-H12 and on the 2/0 Aluminum and 1/0 Aluminum 
sections of primary conductors that may require an 
upgrade/reconductoring of the conductors. 

 
   For the load transfer of 274-H2 to 65-H3, there may be heavy loading 

conditions that may require the replacement of a voltage regulator. 
 
   For the load transfer of 240-H2 to 433-H12, there may be heavy loading 

conditions on the 2/0 Aluminum and 1/0 Aluminum overhead 
conductors, that may require an upgrade/reconductoring of the 
conductors. 

 
Voltage  - For the load transfer from 274-H4 to 240-H1 there may be low voltage 

conditions on “A” phase of some laterals; that may require the 
installation of switched capacitor banks for post contingency conditions 
voltage remediation. 

 
Additional Actions Required: 
 
 None.
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #342 SUDBURY 

 
Transformer #110A:  Westinghouse 18/24 MVA 110/13.8 kV 
Transformer #110B   Westinghouse 18/24 MVA 110/13.8 kV 

 
 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 18/24 MVA 36 MVA 32 MVA 
110B 18/24 MVA 33 MVA 31 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

48 MVA 29 MVA* 7.2 MVA 0 MVA 36.2 MVA 
* Based upon loss of 110A. 
  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #1 and #2 
  Main 110A 13.8kV Secondary Circuit Breaker 
  Manually open T725 disconnect 

Close: 13.8kV Bus Tie Operated Normally Closed 
 Manually close OCB’s #1 and #2 to close 115kV ring 

 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #4 and #5 
  Main 110B 13.8kV Circuit Breaker 

Close: 13.8kV Bus Tie Operated Normally Closed 
 Circuit Breakers #4 and #5 to close 115kV ring 

 
For loss of either transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
 
Sudbury 342-H1 to Lexington 320-H6 via RADSEC MRU 113 for a transfer of 4.8 MVA 
Sudbury 342-H3 to Speen Street 433-H6 via RADSEC MRU 836 for a transfer of 2.4 MVA 

 Total Transfer:  7.2 MVA 
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Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - For the Load transfer for 342-H1 to 320-H6, there may be low voltage 

conditions that may require switched capacitor banks for post 
contingency voltage remediation 

 
   For the load transfer for 342-H3 to 433-H6, there may be low voltage 

conditions that may require voltage regulators for post contingency 
conditions voltage remediation. 

 
 
Additional Actions Required: 
 
 Installation of additional transformer capacity is planned for this station in 2003. This will 
increase the transformer firm capability to at least 60 MVA, which will obviate the need to employ 
lad transfers under transformer outage conditions. 
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #416 MAYNARD 

 
Transformer #110A:  McGraw-Edison 30/40/50 [56] MVA 115/14.4 kV 
Transformer #110B   McGraw-Edison 30/40/50 [56] MVA 115/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE, 110F Ambient 
110A 30/40/50 [56} MVA 69 MVA 64 MVA 
110B 30/40/50 [56} MVA 69 MVA 64 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

48 MVA 60 MVA* 10.1 MVA 0 MVA 70.1 MVA 
* Based upon loss of 110A/416-526 or 110B/416-527. 
  
Switching Actions: 
 
Loss of Transformer #110A, 416-526 Line and 219-532 Line: 
 

Open: OCB’s 1 & 4 @ Sudbury 
 Circuit Switcher #CS773 

  Main 110A 13.8kV Secondary Circuit Breaker 
Close: 13.8kV Bus Tie Operated Normally Closed 
 Manually close OCB’s 1 & 4 @ Sudbury 

 
Loss of Transformer #110B, 416-527 Line and 219-533 Line: 
 

Open: OCB’s 3 & 6 @ Sudbury 
 Circuit Switcher #CS774 

  Main 110B 13.8kV Circuit Breaker 
Close: 13.8kV Bus Tie Operated Normally Closed 
 Manually close OCB’s 3 & 6 @ Sudbury 
 
Note:  For loss of either transformer, circuit 416-H4 will trip automatically within 30 minutes 

if total station load is 3000 Amps or greater. 
 
For loss of either transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 

 Maynard 416-H7 to Sudbury 342-H1 via RADSEC MRU 096 for a transfer of 10.1 MVA 
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Results: 
 

Loading  For the load transfer between 416-H7 to 342-H1, there may be heavy 
loading conditions on the 500 kcmil Aluminum conductor in the station 
getaway of circuit 342-H1.  This heavy loading condition may require 
an upgrade/reconductoring of the conductor. 

 
   For the load transfer between 417-H7 and 342-H2, there may be heavy 

loading conditions on the #4 copper conductor sections of 342-H2.  
This heavy loading condition may require an upgrade/reconductoring of 
the conductor. 

 
 Voltage  - The installation of switched capacitor banks may be required for post-

contingency voltage remediation. 
 
Additional Actions Required: 
 
 Install 342-H6 to increase the transfer switching from Maynard to Sudbury by 10 MVA. 
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2 HR = 36 MVA

12 HR = 31.0 MVA

2 HR = 36 MVA

12 HR = 31.5 MVA
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #433 SPEEN STREET 

 
Transformer #110A:  McGraw-Edison 30/40 [44.8] MVA 110/13.8 kV 
Transformer #110B:  McGraw-Edison 30/40 [44.8] MVA 110/13.8 kV 

Transformer #110C:  McGraw-Edison 60/80/100 [112] MVA 115/14.4/14.4 kV 
 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 30/40 [44.8] MVA 58 MVA 54 MVA 
110B 30/40 [44.8] MVA 58 MVA 54 MVA 
110C 60/80/100 [112] MVA 127 MVA 119 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

180 MVA 100 MVA* 10.5 MVA 12.6 MVA 123.1 MVA 
* Based upon loss of 110C. 
  
Switching Actions: 
 
Loss of Transformer #110A or #110B and 342-507 Line: 
 

Open: OCB’s 5 & 6 @ Sudbury 
 OCB #2 
 Circuit Switcher #CS770 

  Main 110A 13.8kV Secondary Circuit Breaker 
  Main 110B 13.8kV Secondary Circuit Breaker 

Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Manually close OCB’s 5 & 6 @ Sudbury 
 Manually close OCB #2 

 
Note:  Due to station configuration, a forced outage of the #110A bank results in a forced outage of 
the #110B bank, and conversely, due to a lack of a disconnecting device on the 115kV side of these 
banks. 
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Loss of Transformer #110C and 433-507 Line: 
 

Open: OCB’s 7 & 8 @ Framingham 
 OCB #1 
 Circuit Switcher #CS771 

  Both Main #110C 13.8kV Secondary Circuit Breakers 
Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Manually close OCB’s 7 & 8 @ Framingham 
 Manually close OCB #1 

 
For loss of either transformer, transfer of the following DSS lines via RADSEC and/or manual 
switches may also be required: 
  
Speen Street 433-H11 to Framingham Station 240 via three possible switching arrangements: 
 

Portion of 433-H11 to Framingham 240-H1 via manual switch P8/36D for a transfer of 1.5 
MVA 
Portion of 433-H11 to Framingham 240-H5 via manual switch P8/36D and RADSEC MRU 
614 for a transfer of 4.0 MVA 
Portion of 433-H11 to Framingham via Station 23 circuit 23-H1 via manual switch P8/36D 
and SCADA MRU 906 for a transfer of 3.3 MVA 

 
Speen Street 433-H8 to Framingham 240-H3 via SCAA MRU 169 for a transfer of 1.3 MVA 
Speen Street 433-H10 to Framingham 240-H2 via SCAA MRU 997 for a transfer of 2.8 MVA 
Speen Street 433-H6 to Sudbury 342-H3 via SCAA MRU 836 for a transfer of 3.8 MVA 
 
Speen Street 433-H4 to Sudbury Station 342 and W. Framingham Station 455 via four possible 
switching arrangements: 
 

Portion of 433-H4 to Sudbury 342-H4 via RADSEC MRU 836 and manual switch P224/37 
for a transfer of 3.8 MVA 
Portion of 433-H4 to W. Framingham 455-H1 via RADSEC MRU 342 for a transfer of 0.4 
MVA 
Portion of 433-H4 to W. Framingham 455-H4 via RADSEC MRU 254 for a transfer of 2.2 
MVA 

 
Total Transfer:  23.1 MVA 
 
Results: 

 
Loading The load transfer from 433-H4 to circuits 342-H4, 455-H1, and 455-H4 

revealed the following: 
 

For the 433-H4 to 455-H4 load transfer there may be heavy loading conditions 
on some of the 1/0 and 3/0 ACSR sections of circuit 455-H4 that may require 
an upgrade/reconductoring of the conductor sections. 
 
For the 433-H4 to 342-H4 load transfer there may be heavy loading conditions 
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on some of the 1/0 and 3/0 ACSR sections of circuit 342-H4 that may require 
an upgrade/reconductoring of the conductor sections. 
 
For the load transfer from 433-H8 to 240-H3 there may be heavy loading 
conditions on several sections of #4 copper conductor and sections of 336 
ACSR conductor of circuit 240-H3, but are within applicable emergency 
ratings. 
 
For the load transfer from 240-H1 to 240-H5 there may be heavy loading 
conditions on the sections of 336 ACSR conductor of circuit 240-H5, but are 
within the applicable emergency ratings. 

 
 
Voltage The load transfer from 433-H10 to 240-H2 may result in lower voltage 

conditions, but are within ANSI “B” range. 
 
  The load transfer from 240-H1 to 23-H2 may result in lower voltage 

conditions, but are within ANSI “B” range. 
 
  For the load transfer from 240-H1 to 240-H5, the installation of a voltage 

regulator may be required for post-contingency voltage remediation. 
 
Additional Actions Required: 
 
 Install additional RADEC switches to increase the Speen Street transfer switching by 5 MVA. 
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2003 T&D OPERATING STUDY 
FRAMINGHAM DISTRICT 

 
STATION #455 WEST FRAMINGHAM 

 
Transformer #110A:  General Electric 30/40 [44.8] MVA 69 x 115/13.8 kV 
Transformer #110B:  General Electric 30/40 [44.8] MVA 69 x 115/13.8 kV 

 
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 30/40 [44.8] MVA 57 MVA 52 MVA 
110B 30/40 [44.8] MVA 58 MVA 53 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

80 MVA 48 MVA* 9.8 MVA 0 MVA 57.8 MVA 
* Based upon loss of 110B. 
 
Switching Actions: 
 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #1 and #2 
  Main 110A 13.8kV Secondary Circuit Breaker 
  Manually open disconnect Switch #T730 

Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Manually close OCB’s #1 and #2 to reconnect #513-507 line to W. Framingham 

115kV bus. 
 
Loss of Transformer #110B and 455-507 Line: 
  

Open: OCB’s 1 & 2 @ Sherborn 
 OCB #3 
 Circuit Switcher #CS770 

  Main #110B 13.8kV Secondary Circuit Breaker 
Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Manually close OCB’s 1 & 2 @ Sherborn 
 Manually close OCB #3 to reconnect the 455-507 to the W Framingham 115 KV bus. 
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For loss of either transformer, transfer of the following DSS lines via RADSEC and/or manual 
switches may also be required: 
 
W. Framingham 455-H1 to Speen Street 433-H4 via RADSEC MRU 342 for a transfer of 1.0 MVA  
W. Framingham 455-H3 to Hopkinton 126-H4 via RADSEC MRU 264 for a transfer of 4.4 MVA 
W. Framingham 455-H5 to Framingham 24-1340 and 24-1337 via Station 24-H1 via RADSEC MRU 
258 for a transfer of 4.4 MVA 
 
Total Transfer:  9.8 MVA 
 
 
Results: 
 

Loading  For the 455-H1 to 433-H4 load transfer scenario there may be heavy 
loading conditions on the 1/0 ACSR conductor sections of 433-H4 that 
may require an upgrade/reconductoring of the conductor. 

 
   For the 455-H5 to 24-H1 load transfer scenario there may be heavy 

loading conditions on the 500 kcmil cable for 24-H1, but are within the 
applicable emergency rating. 

 
   For the 455-H4 to 126-H4/433-H4 load transfer scenario there may be 

heavy loading conditions on the 1/0 ACSR conductor sections of 433-
H4 that may require an upgrade/reconductoring of the conductor. 

 
Voltage  - There were no low voltage conditions identified. 

 
Additional Actions Required: 
 
Install additional RADEC switches to increase the West Framingham transfer switching by 5 MVA.
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Somerville District 
Bulk Substation Transformer Outages 

Distribution Supply Line Outages 
Thermal Results and Remedial Switching Actions 
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 2003 T&D OPERATING STUDY 
 

STATION #211 WOBURN 

Transformer #110A:  Cooper Power Systems 24/32/40 MVA 117/14.4kV 
Transformer #110B:  Cooper Power Systems 24/32/40 MVA 117/14.4kV 

Transformer #110D:  North American 24/32/40 MVA 117/14.4kV 

 
 

Nameplate 12 hour LTE, 90F 
Ambient 

110A 51 MVA 47 MVA 
110B 24/32/40 MVA 47 MVA 
110C 47 MVA 
110D 47 MVA 43 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

Manual Transfer Total LCC 

160 MVA 124 MVA 0 MVA 139 MVA 
 
 
Switching Actions: 
 
Loss of Transformer #110A: 

Open: Circuit Breakers #3 and #5 in Woburn 115kV Ring Bus 
  Main 110A 13.8kV Circuit Breaker 
  Disconnect Switch #T732 

Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Circuit Breakers #3 and #5 to restore Woburn 115kV Ring Bus 

 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #4 and #6 in Woburn 115kV Ring Bus 

  Disconnect Switch #T733 
Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Circuit Breakers #4 and #6 to restore Woburn 115kV Ring Bus 

 
 

SOMERVILLE DISTRICT
 

 

Transformer #110C:  North American 24/32/40 MVA 117/14.4kV 

 
Overload Ratings:

Transformer 12 hour LTE, 110F Ambient 

24/32/40 MVA 
51 MVA 

24/32/40 MVA 43 MVA 
24/32/40 MVA 

RADSEC Transfer 

15 MVA 

 

 

  Main 110B 13.8kV Circuit Breaker 
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Loss of Transformer #110C: 
 

Open: Circuit Breakers #7 and #11 in Woburn 115kV Ring Bus 

  Disconnect Switch #T731 
Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 
 Circuit Breakers #7 and #11 to restore Woburn 115kV Ring Bus 

 

 
Open: Circuit Breakers #15 and #16 in Woburn 115kV Ring Bus 

  Main 110D 13.8kV Circuit Breaker 
  Disconnect Switch #T734 

Close: ABR Scheme Closes 13.8kV Bus Tie Automatically 

 
For loss of either transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
 
Woburn 211-H7 to N. Woburn 375-H2 via RADSEC MRU 825 for a transfer of 3.1 MVA  
Woburn 211-H12 to N. Woburn 375-H8 via RADSEC MRU 106 for a transfer of 3.5 MVA  

Woburn 211-H13 to Burlington 391-H11 via RADSEC MRU 189 and 391-H9 via RADSEC MRU 
825 for a transfer of 8.8 MVA  

Total Transfer:  15.5 MVA 

 
 

Loading  - For the 211-H7 to 375-H2 load transfer there may be heavy loading 
conditions in the 500 kcmil station getaway of 375-H2, but is below 
applicable emergency ratings. 

 
   For the 211-H12 to 375-H8 load transfer there may be heavy loading 

conditions in the 500 kcmil station getaway of 375-H8, but is below the 
applicable emergency ratings. 

 

 
Voltage  The 211-H10  / 211-H13 to 391-H9 / 391-H11 load transfer, the 

installation of-switched capacitor banks may be required for post-
contingency voltage remediation. 

 
Additional Actions Required: None 

  Main 110C 13.8kV Circuit Breaker 

Loss of Transformer #110D: 

 Circuit Breakers #15 and #16 to restore Woburn 115kV Ring Bus 

Woburn 211-H10 to Burlington 391-H11 via RADSEC MRU 193 for a transfer of 6.8 MVA  

 

 
Results:

   For the 211-H10  / 211-H13 to 391-H9 / 391-H11 load transfers there 
may be heavy loading conditions on sections of 391-H9 and 391-H11 
with 336 ACSR conductor, but is within applicable emergency ratings. 
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211-H7 to 375-H2 load transfer.  375-H2 has a heavily loaded feeder section ( 104% which is 
within its emergency capability and acceptable for an emergency transfer).  
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Voltage Drop Summary 
 
 
Feeder 211-H7 

STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 

Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

Load Summary 
 Total Load 
 kW kVAR kVA PF(%)

Substation 

 

 

Total load read (Non-adjusted) 3029.78 1022.4 3197.63
3029.76 3197.62 94.75

Total shunt capacitor (Adjusted) 
Total shunt reactor (Adjusted) 0

0 0 0
0 0 0

Total power to other feeder(s) (Loop) 0 0
247.34

35.88 37.82 52.14 68.82
    

3065.65 -615.51 3126.82 -98.04

 
Abnormal Conditions 

    
Phase Count Worst Condition % 

A 0 1100238-421 45.32
B 0 1100238-421 32.57
C 0 1100238-421 31.11
A 0 1100238-6 100.84
B 0 1100238-6 103.08
C 1100238-6 
A 0 1100238-421 103.48
B 0 1100238-421 103.48
C 0 1100238-383 104.09

94.75
Total load used (Adjusted) 1022.39

1428.38

Total load from motor 0
Total power from generator 0

0 0
Total conductor capacitances 
Total losses 
 
Total power from substation 
 

 
 
 
Overload 
 
 
Low Voltage 
 0 103.36
 
High Voltage 
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Voltage Drop Summary 
 
 
Feeder 375-H2 
Substation STA375 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 

Analysis Type Unbalanced Voltage Drop 
Flag Levels 
Load Model Nominal 
Load Factor 
 
 

 Total Load 
 kVAR kVA PF(%)
Total load read (Non-adjusted) 

Parameters 

Summer, Nominal 

1.00 x (kW)     1.00 x (kVAR) 

Load Summary 

kW 
7649.02 6873.33 10283.49 74.38

Total load used (Adjusted) 7648.63 6872.97 10282.96 74.38
Total shunt capacitor (Adjusted) 4176.65
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0
Total power from generator 

0
0 0 0 0

Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 280.49
Total losses 148.83 184.24 236.85 62.84
     
Total power from substation 7797.46 2600.07 8219.54 94.86
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100692-206 81.78
Overload B 7 1100692-206 104.34
 C 5 1100692-206 100.4
 A 0 1100692-220 101.85
Low Voltage B 0 1100692-220 99.33

C 0 1100692-220 99.62
 A 0 1100692-1 
High Voltage B 0 

 
103.48

1100692-1 103.48
 C 0 1100692-1 103.48
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Thru 
Power 

A 
(kVAR)

Thru 
Power 

C 
(kW) 

Thru 
Power A

(kW) 

Thru 
Power 

B 
(kW) 

Thru 
Power B
(kVAR)

Thru 
Power C 
(kVAR) 

Load 
B 

(%) 

Load 
C 

(%) 
Feeder 

Id Section Id
 

Phase VA VB VC 
VA 

(kVLN) 
Equipment 

Id 
VB 

(kVLN)
VC 

(kVLN)
IA 

(Amps)
IB 

(Amps)
IC 

(Amps) 
Load A

(%) 

375-H2 1100692-3 500/3 ABC 124.1 123.9 123.8 8.2 8.2 8.2 284.6 363.5 349.6 81 104 100 2239 2839 2710 699.4 942.9 963.6 
375-H2 1100692-4 500/3 ABC 124.1

 
 123.2 123.1 8.2 8.2 8.2 284.6 363.5 81 104 100 2239 2709 700.3 944.1 963.3 

375-H2 1100692-10 500/3 ABC
349.7 2837 

124 122.3 122 8.2 8.1 8.1 285.2 364.1 350.3 82 104 100 2822 2696 709.4 955.3 960.62239 
375-H2 1100692-24 500/3 ABC 123.9 122.1 121.9 8.2 8.1 8.1 286 364.9 351.1 82 104 100 2240 2799 2678 722.1 970.8 956.3
375-H2 1100692-72 500/3 ABC 123.9 122 121.9 8.2 8.1 8.1 286 365 351.2 82 104 100 2239 2796 2678 723.9 968.9 954.6
375-H2 1100692-110 500/3 ABC 123.8 121.8 121.9 8.2 8.1 8.1 286.1 365 351.2 82 104 100 2238 2793 2678 725.4 967.2 953.1
375-H2 1100692-206 500/3 ABC 123.8 121.5 121.7 8.2 8.1 8.1 286.2 365.2 351.4 104 100 2237 2787 728.8 966.6 950.682 2677
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211-H12 to 375-H8 loa
an emergency transfe

 

 

d transfer.  375-H8 has a heavily loaded feeder section ( 120% which is within its emergency capability and acceptable for 
r). 
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Voltage Drop Summary 
 
 
Feeder 211-H12 
Substation STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 3910.95 203.32 3916.23 99.87
Total load used (Adjusted) 3909.99 203.23 3915.27 99.87
Total shunt capacitor (Adjusted) 0
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 368.24
Total losses 32.89 493.42 494.52 6.65
     
Total power from substation 3942.88 328.4 3956.53 99.65
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100233-27 33.51
Overload B 0 1100233-27 35.37
 C 0 1100233-27 37.27
 A 0 1100233-231 101.52
Low Voltage B 0 1100233-174 101.85
 C 0 1100233-125 101.44
 A 0 1100233-328 103.48
High Voltage B 0 1100233-328 103.48
 C 0 1100233-328 103.48
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Voltage Drop Summary 
 
 

375-H8 
STA375 
14.28 kVLL,     0.00 Deg. 

 
Parameters 

Unbalanced Voltage Drop 
Summer, Nominal 
Nominal 
1.00 x (kW)     1.00 x (kVAR) 

 
 
Load Summary 

Total Load 
 kW kVAR PF(%)
Total load read (Non-adjusted) 8990.81 5581.64 84.96
Total load used (Adjusted) 8991.57 5582.73 84.96
Total shunt capacitor (Adjusted) 2176.18
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0
Total power from generator 0 0 0
Total power to other feeder(s) (Loop) 0 0 0
Total conductor capacitances 512.21
Total losses 453.08 605.51 59.91
    
Total power from substation 9444.65 3499.84

Feeder 
Substation 
Source Voltage 

Analysis Type 
Flag Levels 
Load Model 
Load Factor 

 
kVA 

10582.51
10583.72

0
0
0

756.26
 

10072.25 93.77
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 20 1100698-852 
Overload B 20 1100698-393 115.44
 C 25 1100698-350 120.31
 A 0 1100233-442 95.59
Low Voltage B 0 1100698-675 
 C 0 1100233-442 96.26
 A 0 1100698-830 103.48
High Voltage B 0 1100698-830 103.48
 C 0 1100698-830 

115.59

95.39

103.48
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Feeder 
Id  

Equipment 
Id Phase VA VB VC

VA 
(kVLN)

 

VB 
(kVLN)

VC 
(kVLN)

IA 
(Amps)

IB 
(Amps)

IC 
(Amps) 

Load 
A 

(%) 

Load 
B 

(%) 
 

Load 
C 

(%) 

Thru 
Power A

(kW) 

Thru 
Power 

B 
(kW) 

Thru 
Power 

C 
(kW) 

Thru 
Power A
(kVAR)

Thru 
Power B
(kVAR)

Thru 
Power C 
(kVAR) 

375-H8 1100698-329 500/3 ABC 124 124 123.9 8.2 8.2 8.2 402.7 402.9 416.5 115 115 119 3104 3106 3226 1170 1168 1163
375-H8 1100698-328 500/3 ABC 123.9

 
123.9 123.9 8.2 8.2 8.2 402.8 402.9 416.5 115 115 119 3103 3105 3225 1170 1168 1163

375-H8 1100698-739 500/3 ABC 123 122.9 122.7 8.2 8.2 8.1 402.9 403 416.6 115 115 119 3102 3103 3223 1170 1168 1163
375-H8 1100698-393 500/3 ABC 122.5 122.5 122.1

 
8.1 8.1 8.1 403.9 404.1 417.6 115 115 119 3083 3082 3196 1171 1175 1163

375-H8 1100698-394 500/3 ABC 122.5 122.4 122 8.1 8.1 8.1 404.4 401.4 418.1 116 115 119 3075 3052 3185 1172 1158 1163
375-H8 1100698-395 500/3 ABC 122.4 122.4 122 8.1 8.1 8.1 404.5 396.2 418.1 116 113 120 3073 3017 3182 1172 1125 1163
375-H8 1100698-852 500/3 ABC 122.3 122.3 121.8 8.1 8.1 8.1 404.6 396.3 418.2 116 113 120 3072 3016 3180 1171 1126 1163
375-H8 1100698-854 500/3 ABC 122.1

 
122.1

 
121.6 8.1 8.1 8.1 400 390.7 418.4 114 112 120 3036 2976 3175 1146 1091 1164

375-H8 1100698-855 500/3 ABC 122 122 121.5 8.1 8.1 8.1 400.1 390.8 418.5 114 112 120 3034 2975 3173 1146 1092 1164
375-H8 1100698-835 500/3 ABC 121.9 121.9 121.4 8.1 8.1 8.1 400.2 390.9 418.6 114 112 120 3032 2973 3170 1145 1092 1164
375-H8 1100698-401 500/3 ABC 121.8 121.9 121.3 8.1 8.1 8.1

 
400.3 391 418.7 114 112 120 3030 2971 3167 1145 1093 1164

375-H8 1100698-402 500/3 ABC 121.7 121.8 121.1 8.1 8.1 8 400.4 391.1 418.8 114 112 120 3028 2970 3164 1145 1094 1164
375-H8 1100698-848 500/3 ABC 121.5 121.6 120.9 8.1 8.1 8 400.6 391.3 419 115 112 120 3025 2967 3159 1145 1095 1165
375-H8 1100698-847 500/3 ABC 121.4 121.5 120.8 8.1 8.1 8 400.7 391.4 419.1 115 112 120 3023 2965 3156 1144 1096 1165
375-H8 1100698-392 500/3 ABC 121.3 121.4 120.7 8.1

 
8.1 8 400.8 391.5 419.2 115 112 120 3021 2963 3154 1144 1096 1165

375-H8 1100698-391 500/3 ABC 121.2
 

121.3 120.5 8 8.1
 

8 399.8 378.8 420.7 114 108 120 3003 2872 3151 1161 1039 1194
375-H8 1100698-849 500/3 ABC 121 121.2 120.3 8 8 8 400 373.5 420.8 114 107 120 3000 2835 3146 1159 1005 1192
375-H8 1100698-834 500/3 ABC 120.9 121.2 120.2 8 8 8 400.1 373.6 420.9 114 107 120 2998 2834 3143 1158 1005 1193
375-H8 1100698-833 500/3 ABC 120.8 121.1 120.1

 
8 8 8 400.2 373.7 421 114 107 120 2996 2833 3141 1158 1006 1193

375-H8 1100698-350 500/3 ABC 120.7 121.1 120 8 8 8 400.2 373.8 421.1 114 107 120 2994 2832 3138 1157 1007 1194
375-H8 1100233-390 3-2_CU ABC 119.1

 
120 119.5 2.4 2.4 2.4 166.2 57.6 212 83 29 106 395.4 138 507.1 26 10.8 18.6 

375-H8 1100233-391 3-2_CU ABC 119 119.9 119.4 2.4 2.4 2.4 166.2 57.6 212 83 29 106 395.2 137.9 506.5 25.7 10.8 18.3 
375-H8 1100233-393 3-2_CU ABC 119 119.9 119.3 2.4 2.4 2.4 166.2 57.6 212 83 29 106 395.2 137.9 506.4 25.7 10.8 18.2 
375-H8 1100233-399 3-2_CU ABC 118.3 119.8 117.5 2.4 2.4 2.4 166.2 57.6 212 83 29 106 395.1 137.9 506 25.5 10.8 18 
375-H8 1100233-403 3-2_CU ABC 118.3 119.7 117.4 2.4 2.4 2.3 166.2 57.6 212 83 29 106 393 137.7 498.3 22.2 11.1 14 

Section Id
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211-H10 and 211-H13 to 391-H9 and 391-H11 load transfer.  391-H9 has an overloaded has a heavily loaded feeder section ( 114% which is within 
its emergency capability and acceptable for an emergency transfer). 391-H11 has an overloaded has a heavily loaded feeder section ( 122% which 
is within its emergency capability and acceptable for an emergency transfer).  Several areas of undervoltage can be corrected with the installation 
of a 1350 capacitor bank on circuit 211-H13 ( section transferred to 391-H11). 
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Circuit 391-H9 
overloaded feeder  

Circuit 391-H11 
overloaded feeder  

Installation of 1350 
kVAR cap bank on 
section 11012206-258 of 
circuit 211-H13 corrects 
undervoltage  
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Voltage Drop Summary 
 
 
Feeder 211-H10 
Substation STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR 

 
Abnormal Conditions 

Worst Condition 

B 
C 

kVA PF(%)
Total load read (Non-adjusted) 3873.64 1148.3 4040.26 95.88
Total load used (Adjusted) 3873.6 1148.27 4040.21 95.88
Total shunt capacitor (Adjusted) 0
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 257.51
Total losses 46.57 50.99 69.05 67.43
     
Total power from substation 3920.17 941.75 4031.7 97.23
 

     
 Phase Count % 
 A 0 1100231-222 57.81
Overload B 0 1100231-222 76.38
 C 0 1100231-222 52.34
 A 0 1100231-617 102.15
Low Voltage B 0 1100231-378 100.23
 C 0 1100231-113 103.2
 A 0 1100231-52 103.48
High Voltage 0 1100231-52 103.48
 0 1100231-414 103.53
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Voltage Drop Summary 
 
 
Feeder 211-H13 
Substation STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type 

Load Model 
1.00 x (kW)     1.00 x (kVAR) 

 

0

100.48

  

B 
C 

 

103.48
104.06

Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 

Nominal 
Load Factor 
 

Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 3362.1 2104.18 3966.27 84.77
Total load used (Adjusted) 3360.52 2103.23 3964.43 84.77
Total shunt capacitor (Adjusted) 1426.63
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 
Total losses 32.69 48.29 58.31 56.06
     
Total power from substation 3393.21 624.41 3450.18 98.35
 
 
Abnormal Conditions 
   
 Phase Count Worst Condition % 
 A 0 1101206-631 55.9
Overload 0 1101206-423 28.47
 0 1101206-746 15.47

A 0 1101206-654 100.83
Low Voltage B 0 1101206-402 103.05
 C 0 1101206-498 103.48
 A 0 1101206-498 103.48
High Voltage B 0 1101206-498 
 C 0 1101206-431 
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Voltage Drop Summary 
 
 
Feeder 391-H9 

Analysis Type 

Load Factor 

0

89.2

Phase 

1100734-263 
0 99.55

Substation STA391 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 

Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 

1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 11566.5 7088.49 13565.79 85.26
Total load used (Adjusted) 11566.04 7087.71 13564.99 85.26
Total shunt capacitor (Adjusted) 1396.08
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0
Total conductor capacitances 106.08
Total losses 256.98 405.63 480.18 53.52
     
Total power from substation 11823.01 5991.19 13254.36
 
 
Abnormal Conditions 
     
 Count Worst Condition % 
 A 4 1100734-250 104.15
Overload B 9 1100734-250 109.72
 C 4 114.36
 A 1100734-31 
Low Voltage B 0 1100734-7 98.54
 C 0 1100734-35 99.3
 A 0 1100734-271 103.48
High Voltage B 0 1100734-271 103.48
 C 0 1100734-271 103.48
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Voltage Drop Summary 
 
 
Feeder 391-H11 
Substation STA391 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model 
Load Factor 

kVAR 
92.71

Total shunt capacitor (Adjusted) 
0

Total load from motor 

0

748.86
    

1100722-83 
31 1100722-63 

0 98.11
1101206-71 

Nominal 
1.00 x (kW)     1.00 x (kVAR) 

 
 
Load Summary 
 Total Load 
 kW kVA PF(%)
Total load read (Non-adjusted) 12559.19 5077.65 13546.8
Total load used (Adjusted) 12559.65 5078.53 13547.56 92.71

4021.21
Total shunt reactor (Adjusted) 

0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0
Total conductor capacitances 187.68
Total losses 438.9 868 50.56
 
Total power from substation 12998.55 1618.5 13098.93 99.23
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 92.75
Overload B 110.18
 C 31 1100722-83 122.19
 A 0 1100722-486 100.22
Low Voltage B 1101206-307 
 C 0 96.19
 A 0 1101206-354 103.9
High Voltage B 0 1100722-2 103.48
 C 0 1100722-2 103.48
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Feeder 
Id     

Thru 
Power 

C 
(kW) 

                      
    123.9                

   123.8                
    123.7  8.2              
      8.2             
        476.8     1751 1709 

           
    123.3     476.8    

1100734-243     8.2 8.2    99    1749 
 3-336_AL    8.1  478 476.3      

 

Section Id
Equipment 

Id Phase VA VB VC 
VA 

(kVLN)
VB 

(kVLN)
VC 

(kVLN)
IA 

(Amps)
IB 

(Amps)
IC 

(Amps)

Load 
A 

(%) 

Load 
B 

(%) 

Load 
C 

(%) 

Thru 
Power 

A 
(kW) 

Thru 
Power 

B 
(kW) 

Thru 
Power A
(kVAR)

Thru 
Power B
(kVAR)

Thru 
Power C 
(kVAR) 

391-H9 1100734-263 3-336_AL ABC 124 123.9 8.2 8.2 8.2 510.3 537.6 560.4 104 110 114 3757 3943
510.3 537.6 556.7 104 110 114 3756

123.7 8.2 8.2 510.3 537.6 556.7 104 114 3753 3937 4081 1876 2067
391-H9 1100734-250 3-336_AL ABC 123.4 123.3 123.3 8.2 8.2 510.3 537.6 500.3 110 102 3751 3935 3681 1874 2001 1821
391-H9 1100734-246 3-336_AL ABC 123.3 123.2 123.3 8.2 8.2 8.2 484.5 510.9 99 97 3562 3510 1872 
391-H9 1100734-245 3-336_AL ABC 123.3 123.2 123.3 8.2 8.2 8.2 484.5 510.9 476.8 99 97 3509 1749 

3-336_AL 123.2 8.2 8.2 97 1707 
391-H9 3-336_AL 123

103 2155 

4112

110 2004
104

104 3739 
3737 

1884 2012 2093
391-H9 1100734-257 3-336_AL ABC 123.8 123.8 8.2 8.2 8.2 3942 4085 1881 2009 2074
391-H9 1100734-255 3-336_AL ABC 123.8

104 3561 1870 1707 
391-H9 1100734-244 ABC 123.3 8.2 484.5 510.9 99 104 3560 3737 3509 1749 1869 

ABC 122.8 123 8.2 484.5 510.9 476.8 104 97 3560 3737 3509 1869 1707 
391-H9 1100734-231 ABC 122 121.7 122.1 8.1 8.1 506.8 98 97 3298 3489 3294 2036 2020 
 



PAGE 121 OF 226 

 

Section Id    
VC 

(kVLN)

Thru 
Power 

B 
(kVAR)

                      
    124         3738     
    124             
     123.6             
 1100722-17                
                 
   ABC  123.4             
        454.5         
  3-336_AL                
         450.3         

           
  122.7           
            

1100722-154 3-336_AL ABC 123.7 122.8 122.5  8.1         
      92       
      91       
      91       
            
            
            
      3670     
 ABC   8.1         
           
   8       
 123.4  443.3         
  121.5 120.7 8.2  8 439.8         

1100722-333  8.2    90       
 3-336_AL  8       17.1   
 ABC  8         

391-H11 1100722-340 3-336_AL    90       
  120.3 8.2 8 439.8   90       
  439.8     3598     

 

Feeder Id 
Equipment 

Id Phase VA VB VC
VB 

(kVLN)
IA 

(Amps)
IB 

(Amps)
IC 

(Amps) 

Load 
B 

(%) 

Load 
C 

(%) 

Thru 
Power 

A 
(kW) 

Thru 
Power 

B 
(kW) 

Thru 
Power 

C 
(kW) 

Thru 
Power C 
(kVAR) 

391-H11 1100722-9 3-336_AL 123.8 123.7 8.2 8.2 454.5 539.9 598.7 93 110 4411 4819 125.2 504.1
391-H11 1100722-14 3-336_AL ABC 123.8 123.7 8.2 8.2 8.2 598.7 93 110 122 4819 124.9 503.7 983.5
391-H11 1100722-16 3-336_AL ABC 123.9 8.2 8.2 8.2 454.5

 
VA 

(kVLN)
Load A

(%) 

Thru 
Power A
(kVAR)

ABC 8.2 984.2
454.5 3738 

123.8 539.9 598.7 110 3738 981.3
123.9 123.6 8.2 539.9 4408

1100722-19 ABC 123.6 598.7 4815
1100722-30 8.2 93 121 

3-336_AL 8.2 110 496.2
ABC 8.2 539.2 93 955.3

123.8 3700 
123.1 533.3

391-H11 594.3 92 
92 
92 

91 
91 
91 
91 4246 4711 69.2 

1100722-282 121.4 107 3660 60.4 
3-336_AL 121.8 8.2 8 525.1 107

ABC 
3631 

525.1 4220 28.2 814.2
391-H11 120.4

1100722-336 8.2 90 
3-336_AL 106 390.4 783.1

123.2 8.2 439.8 4177 390.2
391-H11 ABC 583.7 119 782.4

123.2

122
539.9 4410

4818
110 501.7

539.9

598.7 122

594.3 4338

121 4753

107 121 435.7
592

422.7
119 4226 417 826.2 

413.2
4614

583.7 4609
393.7

119
119

583.7 106 4595 389.4

93 122 4409 123.8 502.7
391-H11 3-336_AL ABC 123.7 8.2 8.2 454.5 598.7 93 122 3738 4817 122.9 979.3
391-H11 3-336_AL 123.9 123.7 8.2 8.2 8.2 454.5 539.9 93 110 122 3738 4407 121.5 500.3 976.3
391-H11 3-336_AL 123.9 123.6 8.2 8.2 454.5 598.7 110 122 3737 4406 4814 499.8 975.3
391-H11 1100722-63 ABC 123.8 123.4 123.2 8.2 8.2 539.9 598.7 93 122 3737 4402 4810 117.4 967.6
391-H11 1100722-83 123.8 123.3 123 8.2 8.2 454.5 110 3735 4391 4803 111.6 489.1
391-H11 1100722-88 3-336_AL ABC 123.2 123 8.2 8.2 8.2 534.4 594.3 92 109 121 4347 4762 99.3 476.2 938.3
391-H11 1100722-114 3-336_AL ABC 123.8 122.8 8.2 8.2 8.2 450.3 92 109 121 3700 4761 98.3 473.3 936.3

1100722-124 3-336_AL ABC 123.7 123 8.2 8.2 8.1 450.3 533.3 109 121 3699 4333 4755 95 470.1 928
391-H11 1100722-137 3-336_AL ABC 123.7 122.9 122.6 8.2 8.2 8.1 450.3 530.9 594.3 108 3698 4312 93.6 464.2 925
391-H11 8.2 8.2 450.3 530.9 594.3 108 121 3698 4309 4750 90.8 461.5 919.1
391-H11 1100722-179 3-336_AL ABC 123.6 122.7 122.2 8.2 8.1 8.1 450.3 530.9 594.3 108 121 3697 4306 4745 87.3 458.1 911.6
391-H11 1100722-197 3-336_AL ABC 123.6 122.6 122.1 8.2 8.1 8.1 447.3 525 592 107 121 3671 4253 4720 76 442.1 897.1
391-H11 1100722-207 3-336_AL ABC 123.6 122.5 122.1 8.2 8.1 8.1 447.3 525 592 107 121 3671 4251 4717 73.6 439.9 892.1
391-H11 1100722-216 3-336_AL ABC 123.6 122.5 122 8.2 8.1 8.1 447.3 525 592 107 121 3670 4249 4714 71.5 437.9 887.7
391-H11 1100722-217 3-336_AL ABC 123.6 122.5 122 8.2 8.1 8.1 447.3 525 592 107 121 3670 4247 4712 69.7 436.2 883.8
391-H11 1100722-219 3-336_AL ABC 123.6 122.4 122 8.2 8.1 8.1 447.3 525 592 107 121 3670 4247 4712 69.5 436 883.5
391-H11 1100722-253 3-336_AL ABC 123.5 122.2 121.7 8.2 8.1 8.1 447.3 525 592 882.7
391-H11 3-336_AL 123.5 122 8.2 8.1 446.3 525.1 91 121 4240 4703 429.5 868.8
391-H11 1100722-297 ABC 123.4 121.1 8.1 446.3 583.7 91 119 3658 4232 4629 53.2 838.1
391-H11 1100722-303 3-336_AL 123.4 121.7 121 8.2 8.1 443.3 525.1 583.7 91 107 3632 4621 41.3 
391-H11 1100722-306 3-336_AL ABC 121.6 120.9 8.2 8.1 8 525.1 583.7 91 107 119 4222 4617 37.3 818.2
391-H11 1100722-318 3-336_AL ABC 123.3 8.1 583.7 90 107 119 3602 411.3

3-336_AL ABC 123.3 121.3 8.1 8 439.8 525.1 107 119 3601 4216 24.4 407.5 806.1
391-H11 ABC 123.2 121.2 120.3 8 439.8 521.6 583.7 106 119 3599 4181 4600 790.4
391-H11 1100722-338 123.2 121.1 120.3 8.2 8 439.8 521.6 583.7 90 3598 4177 4596 13.7 

ABC 121.1 120.3 8 8 521.6 583.7 106 3598 4596 13.6 782.8
1100722-341 3-336_AL 123.2 121.1 8 521.6 106 3598 4177 4595 13.4 390.1

391-H11 1100722-345 3-336_AL ABC 121.1 120.2 8.2 8 8 521.6 90 119 4176 12.7 781
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2003 T&D OPERATING STUDY 
SOMERVILLE DISTRICT 

STATION #250 MYSTIC
 

Transformer #110A:  General Electric 37.5 / 50 MVA Step-down and PAR 110/14.4kV 
Transformer #110B:  General Electric 37.5 / 50 MVA Step-down and PAR 110/14.4kV 

Transformer #110C:  General Electric 92 / 60 / 92 MVA 110 / 24 /18 kV* 

 
*18kV winding is for Sithe Unit #4 Output, for which 92 MVA limit applies.  24kV winding is 
NSTAR load winding, for which 60 MVA limit applies. 
 
Overload Ratings: 
 

Nameplate 12 hour LTE, 110F Ambient 

110A 37.5/50 MVA 68 MVA 62 MVA 

110C 80 MVA 73 MVA 
110D 60 MVA 73 MVA 

 
Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Total LCC 

220 MVA 182 MVA 0 MVA 187 MVA 
 

 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #15 and #17 in Mystic 115kV Ring Bus 

  Disconnect Switch #T738 
Close: 13.8 kV bus-tie breakers operated normally closed. 
 Manually close Circuit Breakers #15 and #17 to restore Mystic 115kV Ring Bus 

 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #2 and #3 in Mystic 115kv ring bus 
 Circuit Switcher #CS770 

  Main 110B 13.8kV Circuit Breaker on Section 3 Reactor Bus 

 Manually close Circuit Breakers #2 and #3 to restore Mystic 115kv Ring Bus 

 

Transformer #110D:  General Electric 92 / 60 / 92 MVA 110 / 24 /18 kV* 

Transformer 12 hour LTE, 90F 
Ambient 

110B 37.5/50 MVA 68 MVA 62 MVA 
60 MVA 

80 MVA 
 
Station Capabilities: 

Manual Transfer 

5 MVA 
 

Switching Actions:

  Main 110A 13.8kV Circuit Breaker on Section 1-2 Reactor Bus 

Close: 13.8 kV bus-tie breakers operated normally closed. 
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Loss of Transformer #110C: 
 

Open: Circuit Breakers #1 and #2 in Mystic 115kV Ring Bus 
  Main 110C 24kVcircuit breaker on Section 2 24kV Mystic bus 

Main 110C 18kV switch at Sithe Unit #4 Section #1 
Close:  24 kV bus-tie breakers operated normally closed. 
 Circuit Breakers #1 and #2 in Mystic 115kV Ring Bus 

 
Loss of Transformer #110D: 
 

Open: Circuit Breakers #4 and #5 in Mystic 115kV Ring Bus 
  Main 110C 24kV circuit breaker on Section 1 24kV Mystic bus 

Main 110C 18kV switch at Sithe Unit #4 Section #2 
Close:  24 kV bus-tie breakers operated normally closed. 
 Circuit Breakers #4 and #5 in Mystic 115kV Ring Bus 

 
 
Results: 
 

Loading  - No heavy loading conditions were identified. 
 

 
Voltage  - No Voltage Conditions were identified. 

Additional Actions Required: 
 
 None
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CHELSEA #488
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2003 T&D OPERATING STUDY 
SOMERVILLE DISTRICT 

STATION #375 N. WOBURN (DRAGON COURT) 
 

Transformer #110A:  Westinghouse 50 MVA 108.9 / 13.8kV 
Transformer #110B:  Westinghouse 50 MVA 108.9 / 13.8kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 50 MVA 68 MVA 63 MVA 
110B 50 MVA 68 MVA 63 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Total LCC 

100 MVA 58 MVA* 5.5 MVA 3 MVA 66.5 MVA* 

Manual Transfer 

* Based upon loss of either 110A/211-504 or loss of 110B/211-503. 
  

Switching Actions: 
 
Loss of Transformer #110A and 211-504/N140 Line: 
 

Open: OCB 2 & 4 @ Woburn 
 OCB 1 & 2 @ Reading (Municipal) 
 OCB 40 & 40-45 @ Tewksbury (NGRID) 
 Circuit Switcher #CS770 

  Main 110A 13.8kV Circuit Breaker 
Close:  ABR scheme closes 13.8kV tie breakers 

 

 Manually close OCB’s 2 & 4 @ Woburn 
 Manually close OCB’s 1 & 2 @ Reading (Municipal) 
 Manually close OCB’s 40 & 40-45 @ Tewksbury (NGRID) 

Loss of Transformer #110B and 211-503/M139 line: 
 

Open: OCB’s 1 & 3 @ Woburn 
 OCB’s 4 & 5 @ Reading (Municipal) 
 OCB’s 39 & 39-46 @ Tewksbury (NGRID) 
 Circuit Switcher #CS771 

  Main 110B 13.8kV Circuit Breaker 
Close:  ABR scheme closes 13.8kV tie breakers 
 Manually close OCB’s 1 & 3 @ Woburn 
 Manually close OCB’s 4 & 5 @ Reading (Municipal) 
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 Manually close OCB’s 39 & 39-46 @ Tewksbury (NGRID) 
  

For loss of either transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
 
N. Woburn 375-H1 to Woburn 211-H7 via RADSEC MRU’s 052 & 021 for a transfer of 3.9 MVA 
N. Woburn 375-H8 to Woburn 211-H12 via RADSEC MRU’s 106 & 891 for a transfer of 0.7 MVA 
N. Woburn 375-H6 to Woburn 325-1394H via RADSEC MRU’s 808 & 423 for a transfer of .2 MVA 
N. Woburn 375-H3 to Woburn 211-H5 via RADSEC MRU’s 026 & 045 for a transfer of 0.8 MVA 
N. Woburn 375-H7 to Woburn 211-H6 via RADSEC MRU 230 and manual switch on P57/21 for a 
transfer of 3.0 MVA 
 
Total Transfer:  8.5 MVA 

Results: 
 

Loading  For the 375-H7 to 211-H6 load transfer, there may a heavy loading 
condition on the 211-H6 cable getaway for the 500 kcmil cable, but is 
within applicable emergency limits. 

 
Voltage  - For the 375-H8 to 211-H12 load transfer, the installation of switched 

capacitor banks and a bank of voltage regulators may be required for 
post-contingency voltage remediation. 

 
Additional Actions Required: 
 
Install a new transformer on site as a reserve capacity resource that can be placed into service 
following a transformer failure. 
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375-H1 to 211-H7 load transfer.  No problems during load transfer. 
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Voltage Drop Summary 
 
 
Feeder 211-H7 
Substation STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 8749.18 6437.94 10862.56 80.54
Total load used (Adjusted) 8747.41 6435.5 10859.68 80.55
Total shunt capacitor (Adjusted)  2660.48 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  351.95 
Total losses 341.82 438.15 555.71 61.51
     
Total power from substation 9089.22 3861.21 9875.37 92.04
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100238-387 95.88
Overload B 0 1100238-387 96.74
 C 0 1100238-387 95
 A 0 1100691-209 97.7
Low Voltage B 0 1100238-319 97.52
 C 0 1100691-209 97.68
 A 0 1100238-421 103.48
High Voltage B 0 1100238-421 103.48
 C 0 1100238-421 103.48
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Voltage Drop Summary 
 
 
Feeder 375-H1 
Substation STA375 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 5590.59 5308.21 7709.2 72.52
Total load used (Adjusted) 5590.16 5307.95 7708.71 72.52
Total shunt capacitor (Adjusted)  4307.54 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  27.13 
Total losses 26.09 29.15 39.12 66.7
     
Total power from substation 5616.25 1002.43 5705.01 98.44
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100691-43 58.75
Overload B 0 1100691-43 57.76
 C 0 1100691-43 62.81
 A 0 1100691-1 102.65
Low Voltage B 0 1100691-1 102.71
 C 0 1100691-1 102.6
 A 0 1100691-58 103.48
High Voltage B 0 1100691-58 103.48
 C 0 1100691-58 103.48
 
 



PAGE 133 OF 226 

375-H8 to 211-H12 load transfer.  The preferred switching violated voltage and load limits and therefore the following is the recommended 
alternative switching.  The alternative provides 1.2MVA of relief by closing tie switch on pole 84/33 Pond Street and open the 375-H8 line switch on 
pole 94/10 Summer Street.  To maintain voltage during contingency load transfer voltage regulators and one 1350 kVAR capacitor bank is 
required.  For this study regulators were added on sections 1100233-175, 178, -182 and a capacitor bank on section 110233-86.   

AM
P

o p e n

o p e n

o p e n
o p e n

o p e n
o p e n

o p e n
o p e n

o p e no p e n

o p e n

o p e n

o p e n

o p e n

o p e n

o p e n

o p e n

o p e n
o p e n

o p e no p e n

o p e n

o p e n

o p e n

o p e n

o p e n

o p e no p e n

o p e n

o p e n

o p e n
o p e n

o p e n

o p e n

o p e n
o p e n

o p e n
o p e n

o p e n
o p e n

o p e n

o p e no p e n

o p e n
o p e n

o p e n

o p e n
o p e n

o p e n

o p e n

o p e n
o p e n

o p e n

o p e n

o p e n

3 7 5 - H 8

S T A 3 7 5

AM P

o p e n

o p e n

o p e n

o p e n
o p e n

o p e n

o p e no p e n

o p e n
o p e n

o p e n

o p e n

2 1 1 - H 1 2

S T A 2 1 1

2 1 1 -H6

3 7 5 -H2

3 7 5 -H7

3 7 5 -H 7

3 7 5 -H7

 

Voltage 3- 
250kVA Regs 
added 

1350 kVAR cap 
bank added 

 



PAGE 134 OF 226 

 

 

B 

 
Voltage Drop Summary 
 
 
Feeder 211-H12 
Substation STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 8001.38 1066.79 8072.18 99.12
Total load used (Adjusted) 7972.02 1060.87 8042.3 99.13
Total shunt capacitor (Adjusted)  1326.63 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  387.38 
Total losses 247.2 2378.39 2391.2 10.34
     
Total power from substation 8219.22 1725.24 8398.34 97.87
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100233-399 60.1
Overload B 0 1100233-175 70.32
 C 0 1100233-399 81.52
 A 0 1100233-178 99.38
Low Voltage B 0 1100233-175 96.82
 C 0 1100233-388 98.3
 A 0 1100233-328 103.48
High Voltage 0 1100233-328 103.48
 C 0 1100233-328 103.48
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1100698-350 

A 1100698-785 
B 

1100698-185 

1100698-830 

 
Voltage Drop Summary 
 
 
Feeder 375-H8 
Substation STA375 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 4961.15 5114.82 7125.61 69.62
Total load used (Adjusted) 4978.91 5132.25 7150.5 69.63
Total shunt capacitor (Adjusted) 2750.62 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  491.04 
Total losses 120.78 134 180.39 66.95
     
Total power from substation 5099.69 2024.59 5486.88 92.94
 
 
Abnormal Conditions 

   
Phase Count Worst Condition % 

 A 0 64.61
Overload B 0 1100698-863 53.89
 C 0 1100698-350 72.34
 0 97.97
Low Voltage 0 1100698-287 101.95
 C 0 99.95
 A 0 1100698-830 103.48
High Voltage B 0 1100698-830 103.48
 C 0 103.48
 
 



PAGE 136 OF 226 

 
375-H6 to 325-1394H1 load transfer.  No problems during load transfer. 
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83.6
Total shunt capacitor (Adjusted) 

0
0

0

236.14 

 

 

 
1100696-1150 

Voltage Drop Summary 
 
 
Feeder 325-1394H & H1 
Substation STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 7235.71 4749.2 8655.08 83.6
Total load used (Adjusted) 7235.2 4748.51 8654.28

 2748.72 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0
Total power from generator 0 0 0
Total power to other feeder(s) (Loop) 0 0 0
Total conductor capacitances  230.08 
Total losses 118.43 264.17 44.83
     
Total power from substation 7353.63 2005.85 7622.29 96.48
 
 
Abnormal Conditions 
    
 Phase Count Worst Condition % 

A 0 1100536-9 73.91
Overload B 0 1100536-9 73.47

C 0 1100536-9 73.7
 A 0 99.54
Low Voltage B 0 1100696-1150 99.16
 C 0 1100696-1150 99.6
 A 0 1100536-44 103.48
High Voltage B 0 1100536-44 103.48
 C 0 1100536-44 103.48
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8747.51 

0 

Total power to other feeder(s) (Loop) 
 

 A 1100696-990 

0 
B 

1100696-164 

 
Voltage Drop Summary 
 
 
Feeder 375-H6 
Substation STA375 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 10020.91 13301.79 65.76
Total load used (Adjusted) 8747.53 10020.95 13301.84 65.76
Total shunt capacitor (Adjusted)  5411.6 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0
Total power from generator 0 0 0 0

0 0 0 0
Total conductor capacitances 277.81 
Total losses 237.92 558.95 607.48 39.17
     
Total power from substation 8985.46 4890.49 10230.12 87.83
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100696-294 75.47
Overload B 0 1100696-294 79.18
 C 0 1100696-294 72.73

0 96.58
Low Voltage B 0 1100696-918 95.91
 C 0 1100696-830 98.07
 A 1100696-164 103.48
High Voltage 0 1100696-164 103.48
 C 0 103.48
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375-H3 to 211-H5 load transfer.  No problems during load transfer. 
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14.28 kVLL,     0.00 Deg. 

Analysis Type 

1.00 x (kW)     1.00 x (kVAR) 
 

0 

0 0

1100236-442 
53.45

1100236-442 

0 1100236-460 
 
 

C 
 

Voltage Drop Summary 
 
 
Feeder 211-H5 
Substation STA211 
Source Voltage 
 
Parameters 

Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 

 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 5165.23 3666.79 6334.43 81.54
Total load used (Adjusted) 5165.2 3666.76 6334.39 81.54
Total shunt capacitor (Adjusted)  2811.77 
Total shunt reactor (Adjusted)  
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0
Total conductor capacitances  238.95 
Total losses 81.93 102.1 130.91 62.59
     
Total power from substation 5247.14 718.14 5296.05 99.08
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 46.89
Overload B 0 1100236-442 
 C 0 53.36
 A 0 1100236-524 100.25
Low Voltage B 96.01

C 0 1100236-341 95.76
A 0 1100236-603 103.48

High Voltage B 0 1100236-603 103.48
 0 1100236-603 103.48
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1.00 x (kW)     1.00 x (kVAR) 

Load Summary 

kW 

5048.36 

0 

0
0 0

Total conductor capacitances 57.78 

5092.9 3246.89 

 
Phase 

A 
B 
C 0 
A 
B 
C 
A 1100693-4 

 

 
Voltage Drop Summary 
 
 
Feeder 375-H3 
Substation STA375 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 
 
 

 Total Load 
 kVAR kVA PF(%)
Total load read (Non-adjusted) 5048.41 6032.04 7865.87 64.18
Total load used (Adjusted) 6031.96 7865.78 64.18
Total shunt capacitor (Adjusted)  2814.18 
Total shunt reactor (Adjusted)  
Total load from motor 0 0 0 0
Total power from generator 0 0 0
Total power to other feeder(s) (Loop) 0 0

 
Total losses 44.54 86.89 97.64 45.62
     
Total power from substation 6039.86 84.32
 
 
Abnormal Conditions 
    
 Count Worst Condition % 
 0 1100693-9 47.74
Overload 0 1100693-9 44.51
 1100693-9 45.15
 0 1100693-130 101.51
Low Voltage 0 1100693-182 102.13
 0 1100693-245 102.06
 0 103.48
High Voltage B 0 1100693-4 103.48
 C 0 1100693-4 103.48
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375-H7 to 211-H6 load transfer.  Feeder section of 211-H6 overloaded during contingency switch but within allowable operating limits.. 
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211-H 1

211-H 7

211-H 7
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211-H 5
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211-H 12

375-H 8

211-H 5

211-H 12

 

Feeder 
Section over 
normal limit 
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Substation 

Unbalanced Voltage Drop 
Summer, Emergency 
Nominal 

 

81.02

0

  
 

0 
C 

 
Voltage Drop Summary 
 
 
Feeder 211-H6 

STA211 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type 
Flag Levels 
Load Model 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 9687.56 7008.48 11956.91
Total load used (Adjusted) 9687.6 7008.54 11956.98 81.02
Total shunt capacitor (Adjusted) 5413.43
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 161.62
Total losses 289.67 411.6 503.31 57.55
     
Total power from substation 9977.28 1845.09 10146.45 98.33
 
 
Abnormal Conditions 

   
Phase Count Worst Condition % 

 A 0 1100237-258 91.54
Overload B 15 1100237-258 104.54
 C 0 1100237-258 98.16
 A 0 1100237-279 102.78
Low Voltage B 1100697-221 96.71
 0 1100697-221 97.13
 A 0 1100697-359 103.75
High Voltage B 0 1100237-326 103.48
 C 0 1100237-326 103.48
 



PAGE 144 OF 226 

 

Substation 
Source Voltage 

Flag Levels 
Load Model 

kVA 

42.58

0

0

 
Count Worst Condition % 

 A 59.79

C 

 
Voltage Drop Summary 
 
 
Feeder 375-H7 

STA375 
14.28 kVLL,     0.00 Deg. 

 
Parameters 
Analysis Type Unbalanced Voltage Drop 

Summer, Emergency 
Nominal 

Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR PF(%)
Total load read (Non-adjusted) 3533.78 7508.08 8298.12 42.59
Total load used (Adjusted) 3533.54 7508.01 8297.96
Total shunt capacitor (Adjusted) 4134.1
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0
Total conductor capacitances 346.7
Total losses 87.57 123.06 151.04 57.98
     
Total power from substation 3621.11 3150.27 4799.65 75.45
 
 
Abnormal Conditions 
    
 Phase 

0 1100697-70 
Overload B 0 1100697-103 35.52
 C 0 1100697-70 48.36
 A 0 1100697-68 97.74
Low Voltage B 0 1100697-7 102.97
 0 1100697-18 100.94
 A 0 1100697-1 103.48
High Voltage B 0 1100697-77 104.04
 C 0 1100697-7 103.67
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       411.7 91.5   
                 
              
      123.6          
      123.5         3314 244 

           3156   
   124            
            

               
 1100237-259                
                241 

            

Feeder Id 
 

Section Id 
 

Equipment 
Id Phase VA VB VC

VA 
(kVLN) 

 

VB 
(kVLN) 

VC 
(kVLN) 

IA 
(Amps) 

IB 
(Amps) 

IC 
(Amps) 

Loading A 
(%) 

Loading 
B 

(%) 
Loading C

(%) 

Thru 
Power A

(kW) 

Thru 
Power B

(kW) 

Thru 
Power C

(kW) 

Thru 
Power A
(kVAR) 

Thru 
Power B
(kVAR) 

Thru 
Power C
(kVAR) 

211-H6 0 500/3 ABC 124.2 124.1 124 8.2 8.2 8.2 384.2 438.3 411.7 91.5 104.4 98 3158 3491 3325 245.3 928.3 671.9 
211-H6 1100237-325 500/3 ABC 124.2 124.1

 
124 8.2 8.2 8.2 384.3 438.3 411.7 91.5 104.4 98 3158 3490 3324 245.2 928.7 671.7 

211-H6
211-H6

1100237-323
 1100237-322 

500/3
500/3 

ABC 124.1 124 124
123.8 

8.2 8.2 8.2 384.3 438.3 411.7 91.5 104.4 98 3158 3490 3324 245.2 928.7 671.7 
671.2 ABC 124.1 124 8.2 8.2 8.2 384.3 438.4 104.4 98 3158 3488 3321 244.9 929.9 

211-H6 1100237-321 500/3 ABC 124.1 123.9 123.8
123.7 

8.2 8.2 8.2 384.3 438.4 411.8 91.5 104.4 98 3157 3486 3318 244.5 931.5 670.6 
211-H6 1100237-320

1100237-319
500/3 ABC

ABC
124.1 123.9 8.2

8.2 
8.2 8.2 384.3 438.4 411.8 91.5

91.5
104.4 98 3157 3486 3318 244.5 

244.3
931.7 670.5 

211-H6 500/3 124.1 123.9 8.2 8.2 384.3 438.5 411.8 104.4 98.1 3157 3485 3316 932.5 670.2 
211-H6 1100237-317 500/3 ABC 124.1 123.8 8.2 8.2 8.2 384.3 438.5 411.9 91.5 104.4 

438.6 3479 
3474 

438.8 
3465 

3483 933.7 669.6 
669.1 211-H6 1100237-312 500/3 ABC 123.7 123.4 8.2 8.2 8.2 438.6 411.9 91.5 104.4 98.1 3481 3311 243.7 935 

211-H6 1100237-301 500/3 ABC 123.6
123.5 

 123.3
123 

8.2 8.2 8.2 384.3 411.9 91.5 104.4 98.1 3156 3308 243.3 936.7 668.3 
211-H6 1100237-283

1100237-270
500/3 ABC 124 8.2 8.2 8.2

8.1 
384.4
384.4 

438.8 412 91.5 104.5 98.1 3155 3302 242.6 939.9 666.9 
211-H6 500/3 ABC 123.9 123.2 122.6 8.2 8.2 412.1 91.5 104.5 98.1

98.1
3155
3154

3472 3299 242.2
241.2

941.4 666.2 
211-H6 500/3 ABC 123.9 123.2 122.6 8.2 8.2 8.1 384.5 439 412.2 91.5 104.5 3290 945.7 664.2 

663.9 211-H6
211-H6

1100237-256 500/3
500/3 

ABC 123.9
123.9 

123.1 122.5
122.4 

8.2 8.2 8.1 384.5 439 412.2 91.5 104.5 98.2 3154 3464 3288 946.5 
 1100237-258 ABC 123.1 8.2 8.2 8.1 384.5 439.1 412.3 91.5 104.5 98.2 3153 3463 3286 240.8 947.6 663.4 

98.1 3157
124 384.3 
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2003 T&D OPERATING STUDY 
SOMERVILLE DISTRICT 

STATION #402 SOMERVILLE 
 

 
 

Transformer #110A:  Westinghouse 50/56 MVA 115 / 13.8kV 
Transformer #110B:  Westinghouse 50/56 MVA 115 / 13.8kV 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 50/56 MVA 69 MVA 65 MVA 
110B 50/56 MVA 69 MVA 64 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

112 MVA 91 MVA (A) 0 MVA 0 MVA 91 MVA 
 
(A) Includes 19 MW of Kendall generation. 
 
Switching Actions: 
 
Loss of Transformer #110A and 329-511 Line: 
 

Open: OCB’s 5 & 6 @ Mystic 
 OCB’s 7 & 8 @ Brighton 
 Circuit Switcher #CS770 

  Main 110A 13.8kV Secondary Circuit Breaker 
Close:  13.8kV Tie Breakers Operated Normally Closed 
 Manually close OCB’s 5 & 6 @ Mystic 
 Manually close OCB’s 7 & 8 @ Brighton 

 
Loss of Transformer #110B and 329-510 Line: 
 

Open: OCB’s 12 & 13 @ Mystic 
 OCB’s 4 & 5 @ Brighton 
 Circuit Switcher #CS771 

  Main 110B 13.8kV Secondary Circuit Breaker 
Close:  13.8kV Tie Breakers Operated Normally Closed 
 Manually close OCB’s 12 & 13 @ Mystic 
 Manually close OCB’s 4 & 5 @ Brighton 
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No 13.8kV Distribution Circuit Transfers at this station. 
 

 Results:
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No Voltage Conditions were identified. 

 
Additional Actions Required: 
 
 None 
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2003 T&D OPERATING STUDY 
SOMERVILLE DISTRICT 

STATION #488 CHELSEA 
 

 

 
 

Transformer #110A:  General Electric 30/40 [44.8] MVA 110 / 13.8kV 
Transformer #110B:  General Electric 30/40 [44.8] MVA 110 / 13.8kV 

Transformer #110C:  Westinghouse 18/24 MVA 110 / 13.8kV* 

*No nameplate data available, info. taken from station 1-line diagram 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 30/40 [44.8] MVA 57 MVA 65 MVA 
110B 30/40 [44.8] MVA 57 MVA 64 MVA 
110C 18/24 MVA 29 MVA 64 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

RADSEC Transfer Manual Transfer 

104 MVA 72 MVA 0 MVA 4.2 MVA 76.2 MVA 

Station Firm 
Capacity (LTE) 

Total LCC 

 
 

  
Switching Actions: 
 
Loss of Transformer #110A and 128-518/P168 Line: 
 

Open: OCB 68-79 @ Revere (NGRID) 
 OCB #1 
 Circuit Switcher #CS771 

  Main 110A 13.8kV Secondary Circuit Breaker 
Close:  13.8kV Tie Breakers Operated Normally Closed 
 Manually close OCB 68-79 @ Revere (NGRID) 
 Manually close OCB #1 to restore 115 kv tie line. 

 
Loss of Transformer #110B and 488-518 Line: 
 

Open: GCB’s 23 & 24 @ Mystic 
 OCB #2 
 Circuit Switcher #CS770 
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  Main 110B 13.8kV Secondary Circuit Breaker 
Close:  13.8kV Tie Breakers Operated Normally Closed 
 Manually close GCB’s 23 & 24 @ Mystic 
 Manually close OCB #2 to restore 115 kv tie line. 

Loss of Transformer #110C: 
 

Open: OCB’s 1 & 2 
 Circuit Switcher #CS772 

  Main 110C 13.8kV Circuit Breaker 
Close:  Nothing at Station 488 – Transformer Feeds Station 455 (Crescent Avenue) 
 Manually close OCB’s 1 & 2 
 
 The tie lines 445-1210 and 445-1211 will close upon the loss of a transformer at either 

Station #488 or #445. 
 
For loss of either transformer, transfer of the following DSS lines via manual switches may also be 
required: 
 
Chelsea 488-H1 to 14-99XYH Mystic via manual switches PMH3212 and PMH3209 for a peak 
transfer of 0.5 MVA. 
Chelsea 488-H1 to 108-195H Mystic via manual switches PMH4924 and PMH4926 for a peak 
transfer of 3.7 MVA. 
 
Total Transfer:  4.2 MVA 
 

  
Results: 
 

Loading  - No heavy loading conditions were identified. 
 
Voltage  - No Voltage Conditions were identified. 

 
Additional Actions Required: 
 
Install and place into service a mobile 115/14kV transformer within 24 hours of a failure of one of the 
Chelsea Station #488 transformers.
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488-H1 to 14-99XYH and 108-195H load transfer.  No problems during load transfer. 
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Voltage Drop Summary 
 
 
Feeder 14-99XYH 
Substation STA250 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 8178.54 239.2 8182.04 99.96
Total load used (Adjusted) 8177.03 239.22 8180.53 99.96
Total shunt capacitor (Adjusted)  0 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  416.7 
Total losses 47.5 79.95 92.99 51.08
     
Total power from substation 8224.53 -97.53 8225.1 -99.99
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100102-46 70.36
Overload B 0 1100102-46 70.36
 C 0 1100102-46 70.36
 A 0 1100102-37 102.47
Low Voltage B 0 1100102-37 102.47
 C 0 1100102-37 102.47
 A 0 1100102-51 103.48
High Voltage B 0 1100102-51 103.48
 C 0 1100102-51 103.48
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Voltage Drop Summary 
 
 
Feeder 108-195H 
Substation DEFAULT 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 9436.86 1556.17 9564.31 98.67
Total load used (Adjusted) 9435.31 1556.14 9562.77 98.67
Total shunt capacitor (Adjusted)  0 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  437.85 
Total losses 82.88 69.44 108.13 76.65
     
Total power from substation 9518.19 1187.73 9592.01 99.23
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100013-9 93.81
Overload B 0 1100013-9 90.64
 C 0 1100013-9 92.61
 A 0 1100013-1696586 102.06
Low Voltage B 0 1100013-1696586 102.11
 C 0 1100013-1696586 102.09
 A 0 1100013-11 103.48
High Voltage B 0 1100013-11 103.48
 C 0 1100013-11 103.48
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Voltage Drop Summary 
 
 
Feeder 488-H1 
Substation STA488 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 

kW kVAR kVA PF(%)
Total load read (Non-adjusted) 4907.15 2136.35 5352.02 91.69
Total load used (Adjusted) 4906.46 2136.07 5351.28 91.69
Total shunt capacitor (Adjusted)  0 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  257.37 
Total losses 24.04 46.26 52.13 46.11
     
Total power from substation 4930.5 1924.96 5292.95 93.15
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100924-238 34.4
Overload B 0 1100924-238 35.49
 C 0 1100924-65 53.87
 A 0 1100924-61 102.18
Low Voltage B 0 1100924-316 102.23
 C 0 1100924-56 100.53
 A 0 1100924-126 103.48
High Voltage B 0 1100924-126 103.48
 C 1100924-126 103.48
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Waltham District 
Bulk Substation Transformer Outages 

Distribution Supply Line Outages 
Thermal Results and Remedial Switching Actions 
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #148 NEEDHAM 
 

Transformer #110A:  Pennsylvania 30/40/50 [56] MVA 110/13.8/13.8 kV 
Transformer #110C:  ABB, 37/50/62.5 MVA 117/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 30/40/50 [56] MVA 73 MVA 68 MVA 
110C 37/50/62.5 MVA 81 MVA 74 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

112.5 MVA 50 MVA 26.3 MVA 0 MVA 76.3 MVA 
  

Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #1 and #2 in Hyde Park 115kV Ring Bus 

  Disconnect Switch #T730 

 

  Both Main 110A 13.8kV Circuit Breakers 

Close: ABR scheme closes 13.8V bus-tie breaker automatically 
 Circuit Breakers #1 and #2 to restore Hyde Park 115kV Ring Bus 

Loss of Transformer #110C: 
 

Open: Circuit Breakers #3 and #6 in Hyde Park 115kV Ring Bus 

 Circuit Breakers #3 and #6 to restore Hyde Park 115kV Ring Bus 

  Main 110C 13.8kV Circuit Breaker 
  Circuit Switcher #CS771 

Close: ABR scheme closes 13.8V bus tie-breaker automatically 

 
 
[For loss of either transformer, transfer of the following DSS lines via RADSEC switches may also 
be required]: 
  
Needham 148-H3 to Baker Street 110 20-2407, 20-2405, 20-2406 via Station 20 as follows: 

  Open RADSEC MRU 878 and close RADSEC MRU 931 for a transfer of 5.0 MVA 
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 Open RADSEC MRU 610 and close RASDEC MRU 187 for a transfer of 1.5 MVA 
 Close RASEC MRU 883 for a transfer of 4.4 MVA 
 
Needham 148-H1 to Newton Highlands 292-H4 via RADSEC MRU 817 for a transfer of 3.4 MVA 
Needham 148-H4 to Newton Highlands 292-H9 via RADSEC MRU 812 for a transfer of 3.2 MVA 
Needham 148-H4 to Newton Highlands 292-H9 via RADSEC MRU 819 for a transfer of 4.3 MVA 
Needham 148-H6 to Newton Highlands 292-H10 via RADSEC MRU 827 for a transfer of 4.5 MVA 

Results: 
 

Loading  - No heavy loading conditions were identified. 

 

 
Voltage  - No low voltage conditions were identified. 

Additional Actions Required: 
 
 Upgrade Transformer 110A secondary breaker, increases the firm capacity to 63 MVA and 
LCC to 89.3.
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NEEDHAM (148)
110A

30/40/50 MVA

MW
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SECT #1
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VOLTS N.O.

H3

N.O.

H4

H9H1H3

110B 110A
BAKER STREET (110)

75 MVA 75 MVA

SECT #2 SECT #1

20-2407 20-2405 20-2406

24C 15/20 MVA 24A 15/20 MVA 15/20 MVA
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SECT #3 SECT #1
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STATION PROJECTED LOAD FOR 2003 = 86 MVA

STATION CAPACITY LOSS OF 110C = 68.2 MVA

TRANSFER NEEDED = 17.8 MVA
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MRU 884
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74 AMPS
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485/600/600
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MRU 479
P8/228
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63   08/14/2002 3:00:00 PMTOTAL STATION MVA = 

N.I.S.

2 HR = 75 MVA

12 HR = 68.2 MVA 2 HR = 93 MVA

12 HR = 69.8 MVA

2 HR = 112 MVA

12 HR = 95.7 MVA

2 HR = 112 MVA

12 HR = 105.5 MVA

2 HR = 37 MVA

12 HR = 29.3 MVA2 HR = 75 MVA

12 HR = 52.9 MVA

2 HR = 36 MVA

12 HR = 32.1 MVA
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #282 WALTHAM 
 

Transformer #110A:  ABB 37/50/62.5 MVA 117/14.4 kV 
Transformer #110B:  Allis-Chalmers 60/80 [89.8] MVA 110/13.8/13.8 kV 

Transformer #110C:  General Electric 30/40 [44.8] MVA 110/13.8 kV 
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

37/50/62.5 MVA 81 MVA 74 MVA 
110B 60/80 [89.8] MVA 107 MVA 97 MVA 
110C 30/40 [44.8] MVA 57 MVA 52 MVA 

110A 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer 

117 MVA 26 MVA 0 MVA 

Total LCC 

193 MVA 143 MVA 
  

Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #1 and #2 in Waltham 115kV Ring Bus 
  Main 110A 13.8kV Circuit Breaker 
  Disconnect Switch #T733 

Close: ABR scheme closes 13.8V bus tie breakers automatically 
 Circuit Breakers #1 and #2 to restore Waltham 115kV Ring Bus 

 
Loss of Transformer #110B: 
 

Open: Circuit Breakers #9 and #12 in Waltham 115kV Ring Bus 
  Both Main 110B 13.8kV Circuit Breakers 
  Disconnect Switch #T731 

Close: ABR scheme closes 13.8V bus tie breakers automatically 
 Circuit Breakers #9 and #12 to restore Waltham 115kV Ring Bus 
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Loss of Transformer #110C: 
 

Open: Circuit Breakers #4 and #5 in Waltham 115kV Ring Bus 
  Main 110C 13.8kV Circuit Breaker 
  Disconnect Switch #T732 

Close: ABR scheme closes 13.8V bus tie breakers automatically 
 Circuit Breakers #4 and #5 to restore Waltham 115kV Ring Bus 

 
For loss of any transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
  
Waltham 282-H7 to Trapelo Rd. 450-H1 via RADSEC MRU 823 for a transfer of 5.9 MVA 
Waltham 282-H5 to Trapelo Rd. 450-H8 via RADSEC MRU 835 for a transfer of 7.1 MVA 
 

 

Station 33 Circuit 33-H2 to Trapelo Rd. 450-H6 via RADSEC MRU 008 for a transfer of 1.2 MVA 
Or: 
Station 33 Circuit 33-H2 to Watertown 467-H6 via RADSEC MRU 908 for a transfer of 3.0 MVA 
 
Waltham 282-H9 to Watertown 467-H3 via RADSEC MRU 401 for a transfer of 4.8 MVA 
Waltham 282-H2 to Trapelo Rd. 450-H2 via RADSEC MRU 057 for a transfer of 0.2 MVA 
 
Waltham 282-H1 to Trapelo Rd. 450-H7 via RADSEC MRU 339 for a transfer of 2.4 MVA 
Or: 
Waltham 282-H1 to Lexington 320-H6 via RADSEC MRU 954 for a transfer of 0.9 MVA 
 
Waltham 282-H3 to Speen Street 433-H6 via RADSEC MRU 056 for a transfer of 4.1 MVA 
 
Total Transfers (Maximum):  26.0 MVA 

Results: 
 

Loading  - For the load transfer from 282-H7 to 450-H1, there may be heavy 
loading conditions on sections of #2 AL conductor that may require an 
upgrade/reconductoring of these conductors. 

 
   For the load transfer from 282-H5 to 450-H8, there may be heavy 

loading conditions on a section of 500 kcmil cable of circuit 450-H8, 
but is within applicable emergency ratings. 

 
   For the load transfer from 282-H9 to 467-H3, there may be heavy 

loading conditions on several sections of 800 kmcil cable on circuit 
467-H3, but are within applicable emergency ratings. 

 
Voltage  For the load transfer of 282-H1 to 450-H7, there may be low voltage 

conditions that may require the installation of SCADA-switched 
capacitor banks for post-contingency voltage remediation.. 

 
   For the load transfer of 282-H3 to 433-H6, there may be low voltage 
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conditions that may require the installation of SCADA-switched 
capacitor banks for post-contingency voltage remediation. 

Additional Actions Required: 
 
 None.
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #292 NEWTON HIGHLANDS 
 

Transformer #110A:  McGraw-Edison 30/40/50 [56] MVA 115/13.8/13.8 kV 
Transformer #110B:  McGraw-Edison 30/40/50 [56] MVA 115/13.8/13.8 kV 

Transformer #110C:  Westinghouse 60/80/100 MVA 115/13.8/13.8 kV 
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 30/40/50 [56] MVA 66 MVA 61 MVA 
110B 30/40/50 [56] MVA 72 MVA 67 MVA 

60/80/100 MVA 108 MVA 99 MVA 110C 
 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

212 MVA 143 MVA 17.1 MVA 3.7 MVA 163.8 MVA 
 

  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Switcher #CS770 
  Both Main 110A 13.8kV Circuit Breakers 

 
Close: ABR scheme closes 13.8V bus tie breakers automatically 

Loss of Transformer #110B: 
 

Open: Circuit Switcher #CS771 

 

  Both Main 110B 13.8kV Circuit Breakers 
Close: ABR scheme closes 13.8V bus tie breakers automatically 

Loss of Transformer #110C: 
 

Open: Circuit Switcher #CS772 
  Both Main 110C 13.8kV Circuit Breakers 

Close: ABR scheme closes 13.8V bus tie breakers automatically 
 

  
 



PAGE 167 OF 226 

 

Newton Highlands 292-H8 to Watertown 467-H12 via RADSEC MRU 473 for a transfer of 2.9 
MVA 

 

 
[For loss of any transformer, transfer of the following DSS lines via RADSEC switches may also be 
required]: 
  
Newton Highlands 292-H4 to Needham 148-H1 via RADSEC MRU 817 for a transfer of 2.1 MVA 
 
Newton Highlands 292-H10 to Needham 148-H6 via RADSEC MRU 827 for a transfer of 3.1 MVA 
 
Newton Highlands 292-H9 to Needham 148-H4 via RADSEC MRU 812 for a transfer of 2.5 MVA 
 

 
Newton Highlands 292-82H, 292-215H, 41-211XY via Station 17 to Watertown 467-H12 via 
RADSEC MRU 437 for a transfer of 1.8 MVA 
 
Newton Highlands 292-H7 to Waltham 33-1351, 33-1352, and 33-1362 via Station 33 33-H3 via 
RADSEC MRU 569 for a transfer of 3.7 MVA 
 
Newton Highlands 292-H2 to Waltham 282-H8 via RADSEC MRU 112 for a transfer of 2.4 MVA 
 
Newton Highlands 292-H5 to Brighton 329-H6 via RADSEC MRU 299 for a transfer of 2.3 MVA 
 
Total Transfer switching = 20.8 MVA 

Results: 
 

Loading  - No heavy loading conditions were identified. 

 

 
Voltage  - No low voltage conditions were identified. 

Additional Actions Required: 
 
 Install additional RADSEC switches to increases transfer switching by 5 MVA 
 
 Continue with the planned load relief of the Boston College line group, which would provide 
approximately 10 MVA of load relief.  This load would be transferred to Watertown Station #467 , 
which has approximately 20 MVA of spare capacity. 
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NEWTON HIGHLANDS (292)
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #320 LEXINGTON 
 

Transformer #110A:  Westinghouse 60/80 [89.6] MVA 115/13.8/13.8 kV 
Transformer #110B:  Westinghouse 60/80 [89.6] MVA 115/13.8/13.8 kV (A) 

 
(A)
 

 Bus Section #4 was destroyed in a fire, Transformer 110B has only one winding in-service. 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 60/80 [89.6] MVA 120 MVA 109 MVA 
110B 30/40 MVA 60 MVA 54 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

120 MVA 54 MVA 27.6 MVA 0 MVA 81.6 MVA 
 

  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #1 and #2 in Lexington 115kV Ring Bus 
  Both Main 110A 13.8kV Circuit Breakers 
  Disconnect Switch #T730 

 

Close: Close 13.8kV Bus Tie Breaker 
 Circuit Breakers #1 and #2 in Lexington 115kV Ring Bus 

Loss of Transformer #110B: 
 

Open: Circuit Breakers #4 and #5 in Lexington 115kV Ring Bus 
  Both Main 110B 13.8kV Circuit Breakers 
  Disconnect Switch #T731 

Close: Close 13.8kV Bus Tie Breaker 
 Circuit Breakers #4 and #5 in Lexington 115kV Ring Bus 
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Lexington 320-H5 to Trapelo Road 450-H6 via RADSEC MRU 129 for a transfer of 8.5 MVA. 

 

 
 
For loss of any transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
  
Lexington 320-H1 to Trapelo Road 450-H3 via RADSEC MRU 936 and to Trapelo Road 450-H7 via 
RADSEC MRU 417 for a total transfer of 8.6 MVA 
 
Lexington 320-H2 to Hartwell Ave. 533-H4 via RADSEC MRU 905 and to Trapelo Road 450-H6 via 
RADSEC MRU 528 for a transfer of 10.5 MVA 
 

 
Total Transfer:  27.6 MVA 

Results: 
 

Loading  - For the load transfer of 320-H1 to 450-H3 and 450-H7 there may be 
heavy loading conditions on several sections of 336 HDX conductor, 
but are within applicable LTE limits. 

 
   For the load transfer of 320-H2 to 450-H5 and 533-H4 there may be 

heavy loading conditions on several sections of 336 HDX conductor, 
but are within applicable LTE limits. 

 

 
Voltage   For the load transfer of 320-H1 to 450-H3 and 450-H7 there may be a 

low voltage condition that may require the installation of a switched 
capacitor bank for post-contingency voltage remediation. 

Additional Actions Required: 
 
 None.
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LEXINGTON (320)
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #391 BURLINGTON 
 

Transformer #110A:  Westinghouse 60/80 [89.6] MVA 115/13.8/13.8 kV 
Transformer #110B:  Westinghouse 60/80 [89.6] MVA 115/13.8/13.8 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 60/80 [89.6] MVA 120 MVA 109 MVA 
110B 60/80 [89.6] MVA 119 MVA 108 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

160 MVA 100 MVA 13.6 MVA 6.3 MVA 119.9 MVA 
  

Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Switcher #CS773 

 

  Both Main 110A 13.8kV Circuit Breakers 
Close: ABR scheme closes 13.8kV Bus Ties Automatically 

Loss of Transformer #110B: 
 

Open: Circuit Switcher #CS772 
  Both Main 110B 13.8kV Circuit Breakers 

Close: ABR scheme closes 13.8kV Bus Ties Automatically 
 
For loss of any transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
  
Burlington 391-H11 to Woburn 351-1385H via RADSEC MRU 111 for a transfer of 6.3 MVA 
Burlington 391-H3 to Hartwell Ave. 533-H4 via RADSEC MRU 049 for a transfer of 0.8 MVA 
Burlington 391-H7 to Hartwell Ave. 487-1376H via RADSEC MRU 838 for a transfer of 2.6 MVA 
Burlington 391-H8 to Hartwell Ave. 533-H7 via RADSEC MRU 577 for a transfer of 3.9 MVA 

 Total Transfer:  19.9 MVA 

Burlington 391-H10 to Hartwell Ave. 345-1379H via manual switch. P84/29 for a transfer of 6.3 
MVA 
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Results: 
 

Loading  - For a load transfer of 391-H11 to 351-1385H, there may be heavy 
loading conditions on 500 kcmil underground cable section, but are 
within applicable emergency ratings. 

 
Voltage  - For a load transfer of 391-H7 to 487-1376H there may be low voltage 

conditions that may require the installation switched capacitors for 
post-contingency voltage remediation. 

 
   For a load transfer of 391-H8 to 533-H7 there may be low voltage 

conditions that may require the installation switched capacitors for 
post-contingency voltage remediation. 

 

 

   For a load transfer of 391-H11 to 351-1385H there may be low voltage 
conditions that may require the installation switched capacitors for 
post-contingency voltage remediation. 

Additional Actions Required: 
 
None 
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391-H3 to 533-H4 load transfer.  No problems during load transfer. 
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Parameters 

Flag Levels 

1.00 x (kW)     1.00 x (kVAR) 

5266.76

Total shunt reactor (Adjusted) 

Total power to other feeder(s) (Loop) 0

A 
0 

C 1100728-304 

Low Voltage B 98.72
97.34

103.48

Voltage Drop Summary 
 
 
Feeder 391-H3 
Substation STA391 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 

Analysis Type Unbalanced Voltage Drop 
Summer, Nominal 

Load Model Nominal 
Load Factor 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 4687.06 2402.13 88.99
Total load used (Adjusted) 4687.02 2402.02 5266.67 88.99
Total shunt capacitor (Adjusted) 1433.86

0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0

0 0 0
Total conductor capacitances 82.87
Total losses 22.63 46.9 52.07 43.46
     
Total power from substation 4709.64 932.19 4801.01 98.1
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 0 1100728-304 87.1
Overload B 1100728-20 59.97
 0 92.86
 A 0 1100728-413 97.11

0 1100728-469 
 C 0 1100728-417 
 A 0 1100728-3 103.48
High Voltage B 0 1100728-3 103.48
 C 0 1100728-3 
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Load Model 

 

10278.45

Total shunt reactor (Adjusted) 

0 0
Total power to other feeder(s) (Loop) 0 0
Total conductor capacitances 

Total power from substation 

 

A 1101070-158 

 
Voltage Drop Summary 
 
 
Feeder 533-H4 
Substation STA533 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 

Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 8696.63 5478.6 10278.45 84.61
Total load used (Adjusted) 8696.63 5478.6 84.61
Total shunt capacitor (Adjusted)  3184.89

 0
Total load from motor 0 0 0 0
Total power from generator 0 0

0 0
 154.38

Total losses 140.91 605.01 621.2 22.68
     

8837.54 2744.34 9253.83 95.5
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1101070-17 68.57
Overload B 0 1101070-17 78.34

C 0 1101070-17 82.73
 A 0 1101070-578 99.95
Low Voltage B 0 1100728-117 99
 C 0 1101070-279 98.84
 0 103.48
High Voltage B 0 1101070-158 103.48
 C 0 1101070-158 103.48
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391-H7 to 487-1376H & H1 load transfer.  Low voltage on circuit 487-1376H& H1 occurred during load transfer.  The voltage problem is rectified 
with the installation of two 1350kVAR capacitor banks on circuit 487-1376H1 on sections 11001187-3 and 11001187-116. 
 

AM
P

o p e n

o p e n

o p e n

o p e n

o p e n

o p e n

o p e n

o p e n

3 9 1 - H 7

S T A 3 9 1

o p e n

4 8 7 - 1 3 7 6 H 1

S T A 5 3 3

AM
P

o p e n

o p e n

o p e n

o p e n

4 8 7 - 1 3 7 6 H

S T A 5 3 3

3 9 1 -H 6

3 9 1 -H 1 0

3 9 1 -H 1 0

3 9 1 -H8

3 9 1 -H1 0

 

Capacitor 
Added for 
Study 

Capacitor 
Added for 
Study 
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Voltage Drop Summary 

Flag Levels Summer, Nominal 
Load Model 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 

Load Summary 

kW 

Total load used (Adjusted) 5019.65

Total shunt reactor (Adjusted) 
0
0

Total power to other feeder(s) (Loop) 

  
5105

 
Count 

B 103.48
1100732-572 

 

 
 
Feeder 391-H7 
Substation STA391 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 

Nominal 

 
 

 Total Load 
 kVAR kVA PF(%)
Total load read (Non-adjusted) 5020.65 2536.03 5624.8 89.26

2534.95 5623.42 89.26
Total shunt capacitor (Adjusted) 2835.18

0
Total load from motor 0 0 0
Total power from generator 0 0 0

0 0 0 0
Total conductor capacitances 238.74
Total losses 85.35 496.92 504.2 16.93
   
Total power from substation -42.04 5105.17 -100
 
 
Abnormal Conditions 
    
 Phase Worst Condition % 
 A 0 1100732-789 46.24
Overload B 0 1100732-789 38.92
 C 0 1100732-781 51.02
 A 0 1100732-91 101.84
Low Voltage 0 1100732-791 
 C 0 100.08
 A 0 1100732-792 103.48
High Voltage B 0 1100732-127 104.33
 C 0 1100732-792 103.48
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Substation 
Source Voltage 

Flag Levels 
Load Model 

kVA 

98.96

0

0

 
Count Worst Condition % 

 A 98.62

C 

 

 
Voltage Drop Summary 
 
 
Feeder 487-1376H & H1 

STA533 
14.28 kVLL,     0.00 Deg. 

 
Parameters 
Analysis Type Unbalanced Voltage Drop 

Summer, Nominal 
Nominal 

Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR PF(%)
Total load read (Non-adjusted) 11800.06 1719.52 11924.69 98.95
Total load used (Adjusted) 11806.73 1718.59 11931.15
Total shunt capacitor (Adjusted)  2612.73
Total shunt reactor (Adjusted)  0
Total load from motor 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0
Total conductor capacitances  564.53
Total losses 367.76 4125.87 4142.23 8.88
     
Total power from substation 12174.49 2667.2 12463.23 97.68
 
 
Abnormal Conditions 
    
 Phase 

0 1101300-11 
Overload B 0 1101300-11 93.94
 C 0 1101300-11 84.43
 A 0 1100732-658 98.14
Low Voltage B 0 1101187-118 97.15
 0 1100732-658 98.86
 A 0 1101300-73 103.48
High Voltage B 0 1101300-73 103.48
 C 0 1101300-73 103.48
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391-H8 to 533-H7 load transfer:  Low voltage on circuit 533-H7 occurred during load transfer.  The voltage problem is rectified with the installation 
of one 1350kVAR capacitor bank on circuit 533-H7 on section 11001073-6. 
 

AMP

open

off

open

open

533- H7

STA533

A
M
P

open
391- H8

STA391

391-H10

533-H3

487-1376H

 

Capacitor 
Added for 
Study 
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3.22 0

 
Worst Condition 

 

C 

B 
C 1100733-93 

 
 

Voltage Drop Summary 
 
 
Feeder 391-H8 
Substation STA391 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR)
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%) 
Total load read (Non-adjusted) 0 0 0 0
Total load used (Adjusted) 0 0 0 0
Total shunt capacitor (Adjusted)  0
Total shunt reactor (Adjusted)  0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  3.22
Total losses 0 0 0 0
     
Total power from substation 0 -3.22
 
 
Abnormal Conditions 
    
 Phase Count % 

A 0 1100733-95 0.02
Overload B 0 1100733-95 0.02
 C 0 1100733-95 0.02
 A 0 1100733-95 103.48
Low Voltage B 0 1100733-95 103.48
 0 1100733-95 103.48
 A 0 1100733-93 103.48
High Voltage 0 1100733-93 103.48
 0 103.48
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Substation 

Analysis Type 

Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

 
Total load read (Non-adjusted) 
Total load used (Adjusted) 
Total shunt capacitor (Adjusted) 

Total load from motor 
Total power from generator 

Total conductor capacitances 
Total losses 

Total power from substation 

 
Abnormal Conditions 

Worst Condition 

C 0 1101073-4 
0 

103.48
High Voltage 0 103.48
 0 

 
Voltage Drop Summary 
 
 
Feeder 533-H7 

STA533 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 

Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 

 
Load Summary 
 Total Load 

kW kVAR kVA PF(%)
9445.02 5964.76 11170.8 84.55
9440.19 5957.19 11162.68 84.57

 5088.13
Total shunt reactor (Adjusted)  0

0 0 0 0
0 0 0 0

Total power to other feeder(s) (Loop) 0 0 0 0
 573.9

212.5 2443.8 2453.02 8.66
     

9652.7 2738.96 10033.77 96.2
 

     
 Phase Count % 
 A 0 1100733-3618912 89.51
Overload B 0 1100733-3618912 90.84
 99.33
 A 1100733-62 96.41
Low Voltage B 0 1100733-58 97.25
 C 0 1100733-67 96.26
 A 0 1101073-102 

B 1101073-102 
C 1101073-102 103.48
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391-H11 to 351-1385H1 (via DSS Line 351-1385H) load transfer.  Line 351-1385H.is overloaded in the feeder section, phase 1 and 3 are within 
emergency limits, phase 2 marginally within its emergency limit.  Also the circuits experienced low voltage in three areas, the low voltage can be 
corrected with the installation of three 1350 kVAR capacitor banks, for this analysis a capacitor bank was installed on the following sections: 
Sections 1100722-566 and 1100722-195 of Circuit 391-H11 and Section 1100625-246 of circuit 351-1385H1. 

AM
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o p e n

3 5 1 - 1 3 8 5 H 1
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o p e n

2 1 1 -H1 1

2 1 1 -H1 1

3 9 1 -H3

2 1 1 -H 1 4

2 1 1 -H1 1

3 9 1 -H 3

2 1 1 -H1 1

3 9 1 -H 3

3 9 1 -H3

2 1 1 -H1 0

3 9 1 -H9

2 1 1 -H 1 1

2 1 1 -H 1 1

2 1 1 -H1 3

2 1 1 -H1 0

2 1 1 -H 1 4
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Line 351-1385H Feeder 
cable overloaded but 
within emergency limits 

Proposed Cap Bank 
Section 110722-566 

Proposed Cap Bank 
Section 110625-246 

Proposed Cap Bank 
Section 110722-195 
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Source Voltage 

Load Model Nominal 
Load Factor 

-1169.35 10120.04

124.07

0 
0 

C 

Voltage Drop Summary 
 
 
Feeder 351-1385H & H1 
Substation STA211 

14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 

1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 9572.68 2649.93 9932.69 96.38
Total load used (Adjusted) 9573.44 2650.96 9933.69 96.37
Total shunt capacitor (Adjusted) 4047.94
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 512.97
Total losses 478.82 740.6 881.91 54.29
     
Total power from substation 10052.26 -99.33

 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 50 1100624-3 112.67
Overload B 50 1100624-3 
 C 50 1100624-3 114.14
 A 1100625-239 99.68
Low Voltage B 1100722-100 96.99
 C 0 1100625-307 100.36
 A 0 1100722-453 104.22
High Voltage B 0 1100624-2 103.48
 0 1100722-453 103.88
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Voltage Drop Summary 
 
 
Feeder 391-H11 
Substation STA391 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Nominal 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR)
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%) 
Total load read (Non-adjusted) 0 0 0 0
Total load used (Adjusted) 0 0 0 0
Total shunt capacitor (Adjusted)  0
Total shunt reactor (Adjusted)  0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  6.78
Total losses 0 0 0 0
     
Total power from substation 0 -6.78 6.78 0
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100722-2 0.04
Overload B 0 1100722-2 0.04
 C 0 1100722-2 0.04
 A 0 1100722-2 103.48
Low Voltage B 0 1100722-2 103.48
 C 0 1100722-2 103.48
 A 0 1100722-3 103.48
High Voltage B 0 1100722-3 103.48
 C 0 1100722-3 103.48
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Feeder Id 
 

Section Id 
 

Equipment 
Id Phase VA VB VC 

VA 
(kVLN)

VB 
(kVLN)

VC 
(kVLN)

IA 
(Amps)

IB 
(Amps) 

 

IC 
(Amps)

Load 
A 

(%) 

Load 
B 

(%) 

Load 
C 

(%) 

Thru 
Power 

A 
(kW) 

Thru 
Power 

B 
(kW) 

Thru 
Power C

(kW) 

Thru 
Power A
(kVAR)

Thru 
Power 

B 
(kVAR)

Thru 
Power 

C 
(kVAR) 

 
351-1385H 1100624-3 500/3H_SRC ABC 124.1 124.1 124.2 8.2 8.2 8.2 394.3 434.3 399.5 113 124 114 3212 3568 3269 -498 -274 -400
351-1385H 1100624-4 500/3H_SRC ABC 124.1 124.1 124.2 8.2 8.2 8.2 394.3 434.2 399.5 113 124 114 3211 3567 3269 -498 -275 -400
351-1385H 1100624-7 500/3H_SRC ABC 124.1

 
124 124.2 8.2 8.2 8.2 394.3 434.2 399.5 113 124 114 3211 3567 3269 -498 -275 -401

351-1385H 1100624-18 500/3H_SRC ABC 124 123.9 124.2 8.2 8.2 8.2 394.3 434.2 399.5 113 124 114 3210 3565 3269 -498 -276 -402
351-1385H 1100624-24 500/3H_SRC ABC 123.9 123.7 124.2 8.2 8.2 8.2 394.2 434.2 399.4 113 124 114 3207 3560 3268 -498 -281 -405
351-1385H 1100624-31 500/3H_SRC ABC 123.8 123.5 124.2 8.2 8.2 8.2 394.2 434.2 399.4 113 124 114 3205 3555 3267 -498 -286 -408
351-1385H 1100624-34 500/3H_SRC ABC 123.7 123.4 124.2 8.2 8.2 8.2 394.1 434.1 399.3 113 124 114 3201 3548 3266 -498 -293 -413
351-1385H 1100624-36 500/3H_SRC

 
ABC 123.6 123.2 124.2 8.2 8.2 8.2 394.1 434.1 399.3 113 124 114 3199 3544 3266 -498 -296 -415

351-1385H 1100624-33 500/3H ABC
ABC 

123.6 123.2
 

124.2
 

8.2 8.2 8.2 394 434.1 399.2 113 124 114 3195 3538 3265 -498 -302 -418
351-1385H 1100624-26 500/3H 123.6 123 124 8.2 8.2 8.2 394 434.1 399.2 113 124 114 3194 3534 3262 -497 -301 -419
351-1385H 1100624-23 500/3H ABC 123.5 122.9 124 8.2 8.2 8.2 393.9 434 399.1 113 124 114 3193 3531 3260 -497 -300 -420
351-1385H 1100624-21 500/3H ABC 123.5 122.8 123.9 8.2 8.2 8.2 393.9 434 399.1 113 124 114 3192 3528 3258 -496 -299 -420
351-1385H 1100624-19 500/3H ABC 123.5 122.7 123.8 8.2 8.1 8.2 393.8 434 399.1 113 124 114 3191 3525 3255 -495 -299 -421
351-1385H 1100624-17 500/3H ABC 123.4 122.6 123.8 8.2 8.1 8.2 393.8 434 399 113 124 114 3190 3522 3253 -495 -298 -421
351-1385H 1100624-13 500/3H ABC 123.4 122.5

122.2
123.7 8.2 8.1 8.2 393.8 433.9 399 113 124 114 3189 3519 3252 -495 -298 -422

351-1385H 1100624-12 500/3H ABC 123.3 123.5 8.2 8.1 8.2 393.6 433.9 398.9 113 124 114 3186 3511 3246 -493 -296 -423
351-1385H 1100624-10 

 
500/3H ABC 123.3 122.1 123.4 8.2 8.1 8.2 393.6 433.9 398.9 113 124 114 3185 3508 3243 -492 -295 -424

351-1385H 1100624-1 500/3H ABC 123.3 122 123.4 8.2 8.1
8.1 

8.2 393.6 433.8 398.8 112 124 114 3184 3505 3241 -492 -295 -424
351-1385H 1100624-6 500/3H ABC 123.2 121.9 123.3 8.2 8.2 433.8 398.8 112 124 114 3183 3239 -491 -294
351-1385H 1100624-8 500/3H ABC 123.2 121.9 123.3 8.2 8.1 8.2 393.5 433.8 398.8 112 124 114 3182 3500 -491 -294 -425
351-1385H 1100624-9 500/3H ABC 123.2

123.2 
121.8 123.2 8.2 8.1 8.2 393.5 433.8 398.8 112 124 114 3182 3498 3236 -491 -293

351-1385H 1100624-11 500/3H ABC 121.7 123.1
123.1

8.2 8.1
8.1 

8.2 393.4 433.8 398.7 124 114 3181 3495 3234 -490 -293 -426
351-1385H 1100624-16 500/3H ABC 123.1 121.6 8.2 8.2 393.4 433.7 112 124 114 3492 3232 -490 -427
351-1385H 1100624-20 500/3H ABC

ABC 
123.1 121.5 123 8.2 8.1 8.2 393.3 433.7 398.7 112 124 3179 3489 3230 -489 -292

351-1385H 1100624-22 500/3H 123.1 121.4 122.9 8.2 8.1
8.1 

8.2 393.3 433.7 398.6 112 124 3178 3486 3227 -488 -291 -428
351-1385H 1100624-25 500/3H ABC 123.1

 
121.3 122.9 8.2 8.2 393.3 398.6 112 124 114 3177 3484 3225 -488 -291 -428

351-1385H 1100624-27 500/3H ABC 123 121.2
 

122.8 8.2 8 8.2
8.1 

393.2 433.6 398.6 112 114 3481 3223 -487 -290 -429
351-1385H 1100624-30 500/3H ABC 123 121 122.7 8.2 8 

8 
393.1 433.6 398.5 112 124 3174 3474 3219 -486 -430

351-1385H 1100624-32 500/3H
500/3H 

ABC 122.9 120.9 122.6 8.2 8.1 393.1 433.6 398.4 112 124 114 3173 3471 3216 -486 -288 -430
351-1385H 1100624-35 ABC 122.9 120.8 122.6 8.2 8.1 393.1 433.6 398.4 112 124 114 3172 3468 3214 -288 -431
351-1385H 1100624-37 500/3H

500/3H 
ABC 122.8 120.7 122.6 8.2 8.1 393 433.5 398.4 112 124 114 3170 3214 -485 -291 -433

351-1385H 1100624-38 ABC 122.8 120.6 122.5 8.2 8 8.1 393 433.5 398.3 112 124 114 3168 3462 3214 -485 -294 -435
351-1385H 1100624-39 500/3H ABC 122.8

122.7 
120.5 122.5 8.2 8 8.1 392.9 433.5 398.3 112 124 114 3167 3459 3211 -484 -293 -436

351-1385H 1100624-40 500/3H ABC 120.4 122.4 8.1 
8.1 

8 8.1 392.9 433.5 398.3 112 124 114 3166 3456 3209 -484 -293 -436
351-1385H 1100624-41 500/3H ABC 122.7 120.3 122.3 8 8.1 392.9 433.5 398.2 112 124 114 3165 3453 3207 -483 -292 -437

393.5 3502 -425
3237

-426
112

398.7 3180 -292
114 -427
114

433.7
124 3176

114 -289

-485
3465
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     8.1             
                 
                  
                  
                 
                
                  

                
               
    8.1           
                  
                  
               
                
                  

 

351-1385H 1100624-42 
1100624-43 

500/3H ABC
ABC 

122.7 120.2 122.3 8.1 8 392.8 433.4 398.2 112 124 114 3164 3450 3205 -292 -437
351-1385H 500/3H 122.7 120.1

 
122.2 8.1 8 8.1 392.8 433.4 398.2 112 124 114 3163 3447 3202 -482 -291 -438

351-1385H 1100624-44 500/3H ABC 122.6 120 122.1 8.1 8 8.1 392.7 433.4 398.1 112 124 114 3162 3444 3200 -482 -291 -438
351-1385H 1100624-45 500/3H ABC 122.6 119.9 122.1 8.1 8 8.1 392.7 433.4 398.1 112 124 114 3441 3198 -290 -439
351-1385H 1100624-46 500/3H ABC

ABC 
122.6 119.9 122.1 8.1 8 8.1 433.4 398.1 124 114 3160 3439 -481 -290 -439

351-1385H 1100624-47 500/3H 122.6 119.9 122.1 8.1 
8.1 

8 8.1 392.7 398.1 112 124 3160 3438 3197 -481 -291 -440
351-1385H 1100624-48 500/3H

500/3H 
ABC 122.4 119.6 122.1 7.9 8.1 392.7 433.3 398 124 114 3159 3437 -481 -292 -441

351-1385H 1100624-49 ABC 122.3 119.4 122.1 8.1 7.9 8.1
8.1 

392.6 433.3 398 112 124 114 3155 3429 3196 -481 -300 -446
351-1385H 1100624-50 500/3H ABC 122.2 119.2 122.1 8.1 7.9 392.5 433.2 397.9 112 -481

500/3H 7.9 124 -314
ABC 8.1 114 -481 -460

121.8 392.3 3137
118.5 433.1 3395

351-1385H 122.2 3191 -481 -336
1100624-56 ABC 122.2 8.1 397.5 124 3132 -478

-483

3161 -481
392.7 112 3197

433.3 114
112 3197

124 114 
433.2   3146

3407
397.7 -481
397.6 112 3135
397.6  3392

3150 3421 3194 -308 -451
351-1385H 1100624-51 ABC 122 119 122.1 8.1 392.4 397.8 112 114 3415 3194 -481 -455
351-1385H 1100624-52 500/3H 121.9 118.7 122.1 8.1 7.9 392.3 433.2 397.8 112 124 3142 3193 -322
351-1385H 1100624-57 

1100624-59 
500/3H ABC

ABC 
118.6 122.2 8.1 7.9 8.1 433.1 112 124 114 3399 3192 -329 -464

351-1385H 500/3H 121.8 122.2 8.1 7.9 8.1 392.2 124 114 3191 -481 -333 -467
1100624-60 500/3H ABC 121.7 118.5 8.1 7.9 8.1 392.2 433.1 112 124 114 3134 -469

351-1385H 500/3H 121.7 118.4 8.1 7.9 392.1 433 112 114 3389 3190 -336 -468



PAGE 192 OF 226 

 

2003 T&D OPERATING STUDY 

 
WALTHAM DISTRICT 

Transformer #110B:  North American 37.5/50/62.5 MVA 117/14.4 kV 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 37.5/50/62.5 MVA 81 MVA 74 MVA 
37.5/50/62.5 MVA 81 MVA 74 MVA 

Station Capabilities: 
 

Total Station 
Capacity (N) 

Manual Transfer Total LCC 

125 MVA 13.6 MVA 0 MVA 82.6 MVA 
  
Switching Actions: 
 
Loss of Transformer #110A: 

  Main 110A 13.8kV Circuit Breaker 

Open: Circuit Switcher #CS770 
  Main 110B 13.8kV Circuit Breaker 

Close: ABR scheme closes 13.8kV Bus Ties Automatically 
 

  
Trapelo Rd. 450-H5 to Lexington 320-H2 via RADSEC MRU 528 for a transfer of 1.1 MVA 
Trapelo Rd. 450-H1 to Waltham 282-H7 via RADSEC MRU 823 for a transfer of 6.6 MVA 
Trapelo Rd. 450-H7 to Waltham 282-H1 via RADSEC MRU 339 for a transfer of 1.3 MVA 
Trapelo Rd. 450-H2 to Waltham 282-H2 via RADSEC MRU 057 for a transfer of 3.6 MVA 

Total Transfer:  13.6 MVA 

STATION #450 TRAPELO RD. 
 

 

Transformer #110A:  North American 37.5/50/62.5 MVA 117/14.4 kV 

110B 
 

Station Firm 
Capacity (LTE) 

69 MVA 

RADSEC Transfer 

 
Open: Circuit Switcher #CS771 

Close: ABR scheme closes 13.8kV Bus Ties Automatically 
 
Loss of Transformer #110B: 
 

 

For loss of any transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 

Trapelo Rd. 450-H3 to Lexington 320-H1 via RADSEC MRU 936 for a transfer of 1.0 MVA 
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Results: 
 

Loading  No heavy loading conditions were identified. 

 

 
Voltage  - For the load transfer from 450-H3 to 320-H1, there may be low post-

contingency voltage conditions that may require the installation of 
SCADA switched capacitor banks for post-contingency voltage 
remediation. 

 
 

 

Additional Actions Required:

 Install three additional RADSEC controlled switches to increase the Trapelo Road Station 
#450 to Waltham Sta #282 transfer switching by 5 MVA. 
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450-H5 to 320-H2 load transfer.  No problem during load transfer. 
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PAGE 196 OF 226 

 

320-H2 

14.28 kVLL,     0.00 Deg. 

Analysis Type Unbalanced Voltage Drop 

Load Model 

 

 
kVA 

10972.5

 

0

 
Total losses 661.95 45.93

 
96.5

  
% 

1100502-255 
84.66
91.59

1100502-532 
99.7

103.48
103.48

Voltage Drop Summary 
 
 
Feeder 
Substation STA320 
Source Voltage 
 
Parameters 

Flag Levels Summer, Emergency 
Nominal 

Load Factor 1.00 x (kW)     1.00 x (kVAR) 

 
Load Summary 

Total Load 
 kW kVAR PF(%) 
Total load read (Non-adjusted) 2675.36 97.15
Total load used (Adjusted) 10971.2 2672.94 97.16
Total shunt capacitor (Adjusted) 0

11293.95 
11292.12 

Total shunt reactor (Adjusted) 0  
Total load from motor 0 0

0
0 0 

195.99
587.99

  
3064.94

 

 
Count 

0 
0 
0 
0 
0 
0 
0 
0 
0 103.48

0 0 
Total power from generator 0 0 
Total power to other feeder(s) (Loop) 0 0
Total conductor capacitances 

304.06
  
Total power from substation 11275.26 11684.4 
 

Abnormal Conditions 
  
 Phase Worst Condition 
 A 83.49
Overload B 1100502-281 
 C 1100502-255 
 A 99.42
Low Voltage B 1100502-539 
 C 1100837-21 96.59
 A 1100502-290 
High Voltage B 1100502-290 
 C 1100502-290 
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0
Total power to other feeder(s) (Loop) 

3.07

Count 

0 
C 

B 

Voltage Drop Summary 

 
Feeder 450-H5 
Substation STA450 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 

Analysis Type Unbalanced Voltage Drop 
Flag Levels 
Load Model Nominal 
Load Factor 
 
 

Total Load 
kVAR kVA PF(%) 

Total load read (Non-adjusted) 547.42 2278.85 97.07
Total load used (Adjusted) 547.33 2278.45 97.07
Total shunt capacitor (Adjusted) 0 
Total shunt reactor (Adjusted) 

Parameters 

Summer, Emergency 

1.00 x (kW)     1.00 x (kVAR) 

Load Summary 

kW 
2212.12
2211.73

0 
0 0

0 
0 0

Total conductor capacitances 
Total losses 30.18
   
Total power from substation 2273.23

 
Worst Condition 
1100837-52 
1100837-52 
1100837-52 
1100837-66 
1100837-62 
1100837-52 
1100837-71 
1100837-71 
1100837-71 

Total load from motor 0 0
Total power from generator 0 0

0 0
65.28 
30.02 10.16

  
2214.8 512.07 97.43

 
 
Abnormal Conditions 
    
 Phase % 
 A 0 24.45
Overload B 24.47
 0 24.38
 A 0 102.94
Low Voltage 0 102.86
 C 0 103.28
 A 0 103.48
High Voltage B 0 103.48
 C 0 103.48
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450-H1 to 282-H7 load transfer.  No problems during transfer. 

 

AM
P

open

open

open

open

open

open
open

450- H1

STA450

AM
P

open

openopen

open

open

open

open

open

open
open

open
open

open

open

open

282- H7

STA282

282-H2

450-H6

450-H4

450-H2
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Voltage Drop Summary 

Feeder 282-H7 
Substation STA282 

kW 

Total shunt reactor (Adjusted) 

0 1100358-325 103.48

 
 

Source Voltage 14.28 kVLL,     0.00 Deg. 

Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

Load Summary 
 Total Load 
 kVAR kVA PF(%)
Total load read (Non-adjusted) 11785.39 10841.07 16013.25 73.6
Total load used (Adjusted) 11785.44 10841.11 16013.32 73.6
Total shunt capacitor (Adjusted) 7924.11

 

 

0
Total load from motor 0 0
Total power from generator 0
Total power to other feeder(s) (Loop) 0

459.48 52.85
  

12244.92 96.14

Abnormal Conditions 
 

% 
85.94
84.95
91.92
95.72
95.73

95.1
103.48
103.48

0 0
0 0 0
0 0 0

Total conductor capacitances 149.51
Total losses 738.04 869.38
   
Total power from substation 3505.52 12736.83
 
 

    
 Phase Count Worst Condition 
 A 0 1100358-108 
Overload B 0 1100358-108 
 C 0 1100358-108 
 A 0 1100358-200 
Low Voltage B 0 1100358-244 
 C 0 1100358-181 
 A 0 1100358-325 
High Voltage B 0 1100358-325 
 C 
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Voltage Drop Summary 
 
 
Feeder 
Substation STA450 
Source Voltage 
 
Parameters 

Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 

Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 

 
Load Summary 

Total Load 
 kW kVAR PF(%)
Total load read (Non-adjusted) 444.86 359.45 77.78
Total load used (Adjusted) 444.86 359.44 77.78
Total shunt capacitor (Adjusted)  0 
Total shunt reactor (Adjusted) 0 

450-H1 

14.28 kVLL,     0.00 Deg. 

Analysis Type 

Load Model 

 

 
kVA 

571.93 
571.93 

 
 

Total load from motor 0 0 
0 0
0 0

Total conductor capacitances 22.61 
2.6 

 
Total power from substation 339.43 

0 0
Total power from generator 0 0 
Total power to other feeder(s) (Loop) 0 0 

 
Total losses 2.12 3.36 63.24

446.98 561.26 79.64

 
Abnormal Conditions 

   
Phase Count Worst Condition % 

A 0 1100833-130 19.29
Overload B 0 1100833-130 21.01

C 0 1100833-130 22.77
A 0 1100833-131 100.5

Low Voltage B 0 1100833-131 100.16
C 0 1100833-131 100.31
A 0 1100833-3 103.5

High Voltage B 0 1100833-2 103.48
C 0 1100833-2 103.48
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450-H7 to 282-H1 load transfer.  450-H7 has an overloaded step-down transformer, which is a preexisting condition. 
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2 8 2 -H2

3 2 0 -H1
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2 8 2 -H3
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Overloaded 
Stepdown 
transformer  



PAGE 202 OF 226 

Voltage Drop Summary 
 
 
Feeder 282-H1 
Substation 

Load Model Nominal 
1.00 x (kW)     1.00 x (kVAR) 

Total load used (Adjusted) 6301.19 82.65
Total shunt capacitor (Adjusted) 4200.35

Total power to other feeder(s) (Loop) 0 0

Total losses 121.6 198.14 232.48 52.31

 C 

STA282 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 

Load Factor 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 9252.88 6301.17 11194.67 82.65

9252.9 11194.7

Total shunt reactor (Adjusted) 0
0 0

0

Total conductor capacitances 

   
Total power from substation 9561.65

 
Worst Condition 
1100353-1202 
1100353-1202 
1100353-1202 
1100353-766 100.59

Low Voltage B 0 1100839-767 95.49
 C 0 1100839-775 99.5
 A 0 1100839-767 104.98
High Voltage B 0 1100353-1147 103.48

0 1100353-455 

Total load from motor 0 0
Total power from generator 0 0 0

0 0
416.48

  
9374.51 1882.49 98.04

 
 
Abnormal Conditions 
    
 Phase Count % 
 A 0 52.64
Overload B 0 78.96
 C 0 65.87
 A 0 

103.7
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Voltage Drop Summary 
 
 
Feeder 450-H7 
Substation STA450 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 

 
 

 
Load Summary 

Total Load 
kW kVAR kVA PF(%)

Total load read (Non-adjusted) 8842.11 6789.25 11147.95 79.32
Total load used (Adjusted) 8842.2 6789.33 11148.07 79.32
Total shunt capacitor (Adjusted) 5434.67
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 130.77
Total losses 230.15 484.26 536.17 42.93
     
Total power from substation 9072.35 1708.14 9231.75 98.27
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 1 1100839-477 134
Overload B 1 1100839-477 160.21
 C 1 1100839-477 134.04
 A 0 1100839-657 97.2
Low Voltage B 0 1100839-644 98.44
 C 0 1100839-98 100.32
 A 0 1100839-1 103.48
High Voltage B 0 1100839-1 103.48
 C 0 1100839-1 103.48
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Feeder 
Id Section Id 

 
Equipment Id 

 
Phase VA VB VC 

VA 
(kVLN) 

VB 
(kVLN) 

VC 
(kVLN) 

IA 
(Amps)

IB 
(Amps)

IC 
(Amps)

Loading 
A 

(%) 

Loading 
B 

(%) 
Loading C

(%) 

Thru 
Power 

A 
(kW) 

Thru 
Power 

B 
(kW) 

Thru 
Power 

C 
(kW) 

Thru 
Power A
(kVAR) 

Thru 
Power B
(kVAR) 

Thru 
Power C
(kVAR) 

    
450-H7 1100839-477 SDX167_13.8_4 ABC 119.7 120.2 122.9 2.4 2.4 2.5 44.5 53 43.4 134 160.2 134 155.5 199.7 143.8 313.4 374 317.9
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450-H2 to 282-H2 load transfer.  No problems during transfer. 
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Voltage Drop Summary 
 
 
Feeder 282-H2 
Substation STA282 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 14411.01 6254.13 15709.6 91.73
Total load used (Adjusted) 14411.12 6254.4 15709.8 91.73
Total shunt capacitor (Adjusted) 2809.28
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 101.43
Total losses 150.51 239.83 283.14 53.16
     
Total power from substation 14561.63 3583.51 14996.09 97.1
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100354-232 99.97
Overload B 0 1100354-318 84.65
 C 0 1100354-232 87.14
 A 0 1100354-316 98.11
Low Voltage B 0 1100354-106 98.94
 C 0 1100354-381 98.93
 A 0 1100354-334 103.48
High Voltage B 0 1100354-334 103.48
 C 0 1100354-334 103.48
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0

Voltage Drop Summary 
 
 
Feeder 450-H2 
Substation STA450 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 5920.15 1950.89 6233.31 94.98
Total load used (Adjusted) 5917 1950.21 6230.1 94.97
Total shunt capacitor (Adjusted)  1407.84 
Total shunt reactor (Adjusted)  0 
Total load from motor 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  32.71 
Total losses 59.86 96.71 113.74 52.63
     
Total power from substation 5976.86 606.36 6007.54 99.49
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition % 
 A 0 1100834-15 51.81
Overload B 0 1100834-15 51.38
 C 0 1100834-15 51.72
 A 0 1100834-193 102.01
Low Voltage B 0 1100834-193 102.03
 C 0 1100834-193 102.05
 A 0 1100834-15 103.48
High Voltage B 0 1100834-15 103.48
 C 0 1100834-15 103.48
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450-H3 to 320-H1 load transfer.  Voltage problems occurred during load transfer, three 1350 kVAR capacitor banks have been installed on 
sections 1100501-114, -239 and –410.  Normal voltage is maintained during the load transfer with the installation of the capacitor banks. 
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Summer, Emergency 

560.91 1333.83
 

-507.38

% 

Low Voltage 
 

1100501-19 

 

Voltage Drop Summary 
 
 
Feeder 320-H1 
Substation STA320 
Source Voltage 14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR) 
 
 
Load Summary 
 Total Load 
 kW kVAR kVA PF(%)
Total load read (Non-adjusted) 9581.66 3894.4 10342.85 92.64
Total load used (Adjusted) 9581.67 3892.41 10342.11 92.65
Total shunt capacitor (Adjusted) 5408.02
Total shunt reactor (Adjusted) 0
Total load from motor 0 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances 201.92
Total losses 1210.16 42.05
    
Total power from substation 10142.58 10155.27 -99.88
 
 
Abnormal Conditions 
     
 Phase Count Worst Condition 
 A 0 1100501-468 76.03
Overload B 0 1100501-468 78.18
 C 0 1100501-468 73.74
 A 0 1100501-468 98.65

B 0 1100501-437 96.65
C 0 1100501-430 96.25

 A 0 103.5
High Voltage B 0 1100501-1 103.48
 C 0 1100501-1 103.48
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Voltage Drop Summary 

 

Source Voltage 

kW 

0 

0 

0
  

Abnormal Conditions 
 

Worst Condition 

0 

B 
C 

High Voltage 

 

 

Feeder 450-H3 
Substation STA450 

14.28 kVLL,     0.00 Deg. 
 
Parameters 
Analysis Type Unbalanced Voltage Drop 
Flag Levels Summer, Emergency 
Load Model Nominal 
Load Factor 1.00 x (kW)     1.00 x (kVAR)
 
 
Load Summary 
 Total Load 
 kVAR kVA PF(%) 
Total load read (Non-adjusted) 0 0 0 0
Total load used (Adjusted) 0 0 0
Total shunt capacitor (Adjusted)  0  
Total shunt reactor (Adjusted)  0  
Total load from motor 0 0 0
Total power from generator 0 0 0 0
Total power to other feeder(s) (Loop) 0 0 0 0
Total conductor capacitances  4.69  
Total losses 0 0 0 

   
Total power from substation 0 -4.69 4.69 0
 
 

    
 Phase Count % 
 A 0 1100835-156 0.03
Overload B 1100835-156 0.03
 C 0 1100835-156 0.03
 A 0 1100835-156 103.48
Low Voltage 0 1100835-156 103.48
 0 1100835-156 103.48
 A 0 1100835-158 103.48

B 0 1100835-158 103.48
 C 0 1100835-158 103.48
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #467 WATERTOWN 
 

Transformer #110A:  Westinghouse 75/100/125 [140] MVA 115/13.8/13.8 kV 

 
Transformer #110B:  Westinghouse 75/100/125 [140] MVA 115/13.8/13.8 kV 

Overload Ratings: 
 

Transformer 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 75/100/125 [140] MVA 167 MVA 156 MVA 
110B 75/100/125 [140] MVA 167 MVA 156 MVA 

Nameplate 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

250 MVA 144 MVA 0 MVA 0 MVA 144 MVA 
  

Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Switcher #CS771 
  Both Main 110A 13.8kV Circuit Breakers 

Close: ABR scheme closes 13.8kV Bus Ties Automatically 
 
Loss of Transformer #110B: 
 

Open: Circuit Switcher #CS771 

 

  Both Main 110B 13.8kV Circuit Breakers 
Close: ABR scheme closes 13.8kV Bus Ties Automatically 

 
No 13.8kV Distribution Transfers at this station. 

Results: 
 
 Loading:  No heavy loading conditions were identified. 
 
 Voltage:  No low voltage conditions were identified. 
 
 
Additional Actions Required:   None
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2003 T&D OPERATING STUDY 
WALTHAM DISTRICT 

STATION #533 HARTWELL AVE. (NO. LEXINGTON) 
 

Transformer #110A:  McGraw-Edison 75/100/125 [140] MVA 115/14.4/14.4 kV 

 
Transformer #110B:  McGraw-Edison 75/100/125 [140] MVA 115/14.4/14.4 kV 

Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 75/100/125 [140] MVA 180 MVA 168 MVA 
110B 75/100/125 [140] MVA 180 MVA 168 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

250 MVA 151 MVA 8 MVA 0 MVA 159 MVA 
  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Switcher #CS771 
  Both Main 110A 13.8kV Circuit Breakers 

Close: ABR scheme closes 13.8kV Bus Ties Automatically 
 
Loss of Transformer #110B: 
 

Open: Circuit Switcher #CS770 
  Both Main 110B 13.8kV Circuit Breakers 

Close: ABR scheme closes 13.8kV Bus Ties Automatically 
 
 
Results: 
 
 Loading:  No heavy loading conditions were identified. 
 
 Voltage:  No low voltage conditions were identified. 
 
Additional Actions Required:  None
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Walpole District 
Bulk Substation Transformer Outages 

Distribution Supply Line Outages 
Thermal Results and Remedial Switching Actions 
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2003 T&D OPERATING STUDY 
WALPOLE DISTRICT 

STATION #65 MEDWAY 
 

Transformer #110A:  North American 24/32/40 MVA 117/14.4 kV 
Transformer #110B:  North American 24/32/40 MVA 117/14.4 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 24/32/40 MVA 48 MVA 44 MVA 
110B 24/32/40 MVA 48 MVA 44 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Total LCC 

80 MVA 40 MVA 5.8 MVA 0 MVA 45.8 MVA 

Manual Transfer 

  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breakers #2 and #3 in Medway 115kV ring bus 
  Main 110A 13.8kV Circuit Breaker 
  Disconnect Switch #T730 

Close: ABR scheme closes 13.8V bus tie breaker automatically 
 Circuit Breakers #2 and #3 to restore Medway ring bus 

 
Loss of Transformer #110B: 

 
Open: Circuit Breakers #1, #4, and #7 in Medway 115kV ring bus 

  Main 110B 13.8kV Circuit Breaker 
  Disconnect Switch #T731 

Close: ABR scheme closes 13.8V bus tie breaker automatically 
 Circuit Breakers #1, #4, and #7 to restore Medway ring bus 

 
For loss of either transformer, transfer of the following DSS lines via RADSEC switches would also 
be required: 
 
Medway 65-H2 to Hopkinton 126-H2 via RADSEC MRU 459 for a transfer of 3.1 MVA 
Medway 65-H6 to Hopkinton 126-H3 via RADSEC MRU 457 for a transfer of 2.7 MVA 
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Total Transfer:  5.8 MVA 

Results: 
 

 

Loading  - For the load transfer of 65-H6 to 126-H3, there may be heavy loading 
conditions on sections of the #2 AL cable of circuit 126-H3 that may 
require an upgrade/reconductoring of the conductor. 

 
   For the load transfer of 65-H2 to 126-H2, there may be heavy loading 

conditions on a 500 kcmil cable section of circuit 126-H2, but is within 
applicable emergency ratings. 

 
Voltage  - No low voltage conditions were identified. 

Additional Actions Required: 
 
Install RADSEC controlled switches to increase the Medway transfer switching by 8 MVA.
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MEDWAY (65)

110A

24/32/40 MVA
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N.O.

MW

MVAR

SECT #2

AMPS

MVA

VOLTS

MW

MVAR

SECT #1

AMPS

MVA

VOLTS

AMPS

CALC MVA
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5.3 MVA 5.8 MVA

P35/38

CALC MVA

AMPS

CALC MVA

AMPS284 129

17

4

104812

3

707

118 117

CALC MVA CALC MVA17.28 25.49

6.94 3.14

222 AMPS 243 AMPS
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2003 T&D OPERATING STUDY 

 

 
 
 

WALPOLE DISTRICT 

STATION #456 DOVER 
 

Transformer #110A:  Westinghouse 18/24 MVA 110/13.8 kV 
 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 18/24 MVA 36 MVA 32 MVA 
 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Total LCC 

24 MVA 0 MVA 24.3 MVA 0 MVA 24.3 MVA 

Manual Transfer 

  
Switching Actions: 
 
Loss of Transformer #110A: 
 

Open: Circuit Breaker #1 on 115kV bus 
  Main 110A 13.8kV Circuit Breaker 

Close: Transfer 13.8kV circuits to adjacent stations as listed below: 
  
Dover 456-H3 to Framingham 240-H5 via RADSEC MRU 962 and Needham 148-H3 via RADSEC 
MRU 884 for a total transfer of 9.1 MVA 
Dover 456-H2 to Walpole 146-H6 via RADSEC MRU 387 for a transfer of 7.7 MVA 
Dover 456-H1 to Walpole 146-H4 via RADSEC MRU 995 for a transfer of 7.5 MVA 

Total Transfer:  24.3 MVA 
 

 

Results: 
 

Loading  - The 456-H1 to 146-H4 load transfer may result in heavy loading 
conditions on the 500 kcmil cable getaway of the 146-H4 circuit, but is 
within applicable emergency rating. 

 
   The 456-H2 to 146-H6 load transfer may result in heavy loading 

conditions on the 500 kmcil cable getaway of the 146-H6 circuit, but is 
within applicable emergency rating. 
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 Voltage  - The 456-H3 to 146-H2 / 240-H5 load transfer may result in low voltage 

concerns on circuit 146-H2.  The installation of SCADA-switched 
capacitor banks and a voltage regulator may be required for post-
contingency voltage remediation. 

Additional Actions Required: 
 
Install connection capabilities for a mobile transformer deployment. Place a mobile 115/14kV 
transformer into service upon failure of the Dover Station #456 transformer. 
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2003 T&D OPERATING STUDY 
WALPOLE DISTRICT 

STATION #470 CANTON 
 

Transformer #110A:  McGraw-Edison 24/32/40 MVA 115/13.8 kV 
Transformer #110B:  Westinghouse 30/40 MVA 103.95 / 13.8 kV 
Transformer #110C:  Westinghouse 30/40 MVA 103.95 / 13.8 kV 

 
Overload Ratings: 
 

Transformer Nameplate 12 hour LTE, 90F 
Ambient 

12 hour LTE, 110F Ambient 

110A 24/32/40 MVA 48 MVA 44 MVA 
110B 30/40 MVA 56 MVA 52 MVA 
110C 30/40 MVA 56 MVA 52 MVA 

 
Station Capabilities: 
 

Total Station 
Capacity (N) 

Station Firm 
Capacity (LTE) 

RADSEC Transfer Manual Transfer Total LCC 

120 MVA 89 MVA 12.8 MVA 0 MVA 101.8 MVA 
  

Switching Actions: 
 
Loss of Transformer #110A: 
 

 

Open: Circuit Switcher #CS770 
  Main 110A 13.8kV Circuit Breaker 

Close: ABR scheme closes 13.8V bus tie breakers automatically * 

Loss of Transformer #110B: 
 

Open: Circuit Switcher #CS771 
  Main 110B 13.8kV Circuit Breaker 

Close: ABR scheme closes 13.8V bus tie breakers automatically * 
 

Loss of Transformer #110C: 
 

Open: 115kV Circuit Breaker #5 
  Main 110C 13.8kV Circuit Breaker 

Close: ABR scheme closes 13.8V bus tie breakers automatically * 
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*Note:  ABR scheme modes of operation, from Station 470 Canton 1-line diagram: 

 
 

 
For loss of any transformer, transfer of the following DSS lines via RADSEC switches may also be 
required: 
  
Canton 470-H1 to Baker Street 110 via Station 20-H3 via RADSEC MRU 047 for a transfer of 6.5 
MVA 
 
Canton 470-H5 to Walpole 135-1319H via RADSEC MRU 958 for a transfer of 6.4 MVA 
 
Total Transfers:  12.8 MVA 
 
 
Results: 

 
Loading  - For the load transfer of 470-H1 to 20-H3, there may be heavy loading 

conditions on the 500 kcmil station getaway of 20-H3 that may require 
an upgrade of the conductor.  Further, it may be necessary to upgrade a 
voltage regulator to a larger size of bank of regulators. 

 
   For the load transfer of 470-H5 to 135-1319H1, there may be heavy 

loading conditions on segments of the mainline primary conductor that 
may be require an upgrade of the conductor.  Further, it may be 
necessary to upgrade a voltage regulator to a larger size of bank of 
regulators. 

 
Voltage  - No low voltage conditions were identified. 

 
Additional Actions Required: 
 
 None 
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
ACUSHNET #112 TRANSFORMER OUTAGE CONTINGENCY 

 
Magnetek 37.5/50/62.5 [70] MVA Transformer 

 
 
Overload Ratings: 
 

Summer Normal   84 MVA 
Summer Emergency   91 MVA 

 
Winter Normal   93 MVA 
Winter Emergency   99 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 11227 
Main Circuit Breaker 112N21 

 
Close: Tie Circuit Breaker 114N21 

 
Results: 
 

After closure of 13.2kV bus ties, Acushnet #114 transformer carries full station load.  Bus tie 
breaker carries 17.7 MVA (rated for 45 MVA).  No rating or voltage violations.  See Diagram 
NB-1. 

 
 
 
Additional Actions Required: 
 
None 
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Close 
114N21 
#112 

Transformer
Out of 
Service 
NB-1
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2003 T&D OPERATING STUDY 

NEW BEDFORD DISTRICT 
 

ACUSHNET #114 TRANSFORMER OUTAGE CONTINGENCY 
 

ABB 37.5/50/62.5 [70] MVA Transformer 
 
 
Overload Ratings:   
 

Summer Normal   80 MVA 
Summer Emergency   87 MVA 

 
Winter Normal   88 MVA 
Winter Emergency   94 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 11427 
Main Circuit Breaker 114S21 

 
Close: Tie Circuit Breaker 112S21 

 
 
Results: 
 

After closure of 13.2kV bus ties, Acushnet #112 transformer carries full station load.  
Bus tie breaker carries 19.5 MVA (rated for 45 MVA).  See Diagram NB-2. 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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Close 
112S21 NB-2 #114 

Transformer 
Out of 
Service 
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ACUSHNET DISTRIBUTION SUPPLY FEEDER CONTINGENCIES 28-Mar-02

*  Coincident Feeder peaks at Forecasted 2002 New Bedford District Peak
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT        BACKUP CKT. LOAD SCADA
   PEAK LOAD SWITCHING  (BEFORE)            (AFTER) ALARM           PROBLEM AREAS

CKT. NUMBER (MW) (MVA) BACKUP CIRCUIT ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Acushnet #112 North Bus 
231 0.8 0.9 241 CLOSE T1-231-241 5.7 5.9 6.5 6.7 13.0

OPEN 23121

84 4.9 4.9 110 CLOSE T1-84-110 2.4 2.5 7.3 7.3 6.6 * Ckt 110 flo 11% over 6.6 MVA
OPEN 8421 SCAA AlarmLimit

87 4.5 4.9 23 CLOSE T1-23-92 1.2 1.3 5.8 5.9 6.6
OPEN 8721

88 3.4 3.5 231 CLOSE T1-88-231 0.8 0.9 4.2 4.3 * 6.6 Note:  Circuit 88 can no longer
OPEN 8821 be backed up by T1-88-96 at

Aerovox

83 0.5 0.5 80 CLOSE 8027 0.2 0.2 0.7 0.7 7.0
OPEN 8321
OPEN 8327

85 3.1 3.2 82 CLOSE T1-82-85 2.5 2.8 5.6 6.0 6.6
OPEN 8521

    Acushnet #114 South Bus 
230 4.1 4.1 240 CLOSE T1-230-240 6.8 7.1 10.8 10.9 17.5

OPEN 23021

82 2.5 2.8 85 CLOSE T1-82-85 3.1 3.2 5.6 6.0 6.6
OPEN 8221

80 0.2 0.2 83 CLOSE 8027 0.5 0.5 0.7 0.7 6.6
OPEN 8021

86 2.4 2.5 24 CLOSE T1-24-86 5.1 5.3 7.6 7.9 * 6.6 Ckt 24 flow 19% over 6.6 MVA
OPEN 8621 SCADA Alarm Limit; 1% over trip

Note:  Pre-Highland Swap to 80/83

89N 4.9 5.0 89S CLOSE T1-89N-89S 2.3 2.4 7.3 7.5 * 6.6 Ckt 89-S flow 14% over 6.6 MVA
OPEN 8921 SCADA Alarm Limit and at 94% of
OPEN 8957   (Transfer Building 19 to #86 Circuit) 8 MVA 500 MCM cable normal rating
CLOSE 8657 Note:  Church St. on 105 circuit

81 3.3 3.3 66 CLOSE T1-66-81 3.5 4.0 6.8 7.1 7.2 Ckt 66 at 99% of 7.2 MVA SCADA
OPEN 8121 Alarm Limit
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2003 T&D OPERATING STUDY 

NEW BEDFORD DISTRICT 
 

ARSENE ST. TRANSFORMER OUTAGE CONTINGENCY 
 

McGraw/Edison 21/28/35 MVA Transformer 
 

Overload Ratings: 
 

Summer Normal   38 MVA 
Summer Emergency   41 MVA 

 
Winter Normal   44 MVA 
Winter Emergency   47 MVA 

 
Switching Actions: 
 

Open:  Circuit Switcher 11242 
Main Circuit Breaker 112B42 
Circuit Breaker #22042 at Arsene Street 

 
Close:  Tie Switch T1-221-301 on R.O.W. 

Tie Switch T1-220-240 on Alden Rd. North of Bridge St. 
 
Results: 
 

The #301 circuit out of Crystal Spring is used to pick up only the #221 and #222 circuits by 
backfeeding the Arsene Street 13.2kV bus.  The #240 circuit out of Wing Lane is used to pick 
up the #220 circuit via tie switch #T1-220-240 on Alden Road. 

 Reference Diagrams NB-3, NB-4, and NB-5. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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NB-3 Arsene 
Street 
Transformer 
Out of 
Service 

Open 
Breaker 
22142 
at Arsene

Close 
T1-220-240
(Alden Rd)

Low Voltages may be 
seen on #201 
Circuit 
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NB-4

Secondary Breaker 
assumed upgraded to 
2000 Amperes 

Close T1-221-
301 on ROW 
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NB-5 
Close 
T1-220-240 
(Alden Rd.) 
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BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

*  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Arsene Street Substation
220 9.9 9.9 3583 240 Wing Lane CLOSE T1-220-240 6.8 7.1 16.7 16.8 17.5

OPEN 22042

221 4.0 4.6 1097 301 Crystal Spg. CLOSE T1-221-301 4.0 4.0 8.0 8.4 9.9 Note:  Assumes Crystal Spring Main Breaker
OPEN 22142 upgraded, and SCADA Alarm Settings

have been updated
222 0.8 0.9 22 242 Wing Lane CLOSE AT&T TIE 0.0 0.0 0.8 0.9 9.8

OPEN 22242
   OR

CLOSE T2-220-222
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
ASSONET AUTOTRANSFORMER OUTAGE CONTINGENCY 

 
5/5.6 MVA 34.5/13.2 KV Autotransformer 

 
 
Overload Ratings:  (None Calculated for this transformer) 
 
 
Switching Actions: 
 

Open: Motor-Operated Switch 63435 at W. Freetown 
Recloser 605-1 at W. Freetown 
Recloser 604-1 on Chace Rd. 

 
Close: Tie Switch T1-102-605 on Bullock Rd. at Chace Rd. 

Tie Switch T1-602-604 on Washburn Rd. 
 

Put #605 circuit regulators on Slab Bridge Road in automatic mode per online SCADA instructions #605 circuit page #1. 
  
Results: 
 
Based on the recent completion of the replacement of the 500 kcmil cable getaway on the #102 circuit at Industrial Park Substation and the 
upgrade of approximately ½ of the line upgrade on the 1/0 ACSR conductor overhead line section, the #102 circuit will no longer experience any 
loading or voltage concerns. 
 
A loadflow diagram of expected conditions post-upgrade, with the #102 circuit backing up the Assonet #605 circuit, appears in diagram NB-7. 
 
 Loading  No heavy loading conditions were identified. 
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 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
None 
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Open

Open 
604-1 
Recloser 

Upgraded t
328 Amp 
Regulator 
in 2001 LC

Close 
T1-602-604 
Washburn 
Rd. 

Low Voltage 
Areas prior to 
completion of 
conductor 
upgrades 
Close 
T1-102-605 
On Bullock Rd. 

Cable Upgrade 
in 2003 LCP 

o 

P

Upgrade 1/0 Conductor 
to 795 HDX spacer 
cable. 
 
½ upgrade in 2003 LCP
½ upgrade in 2003 LCP

NB-6
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OF 167 

Close 
T1-102-605 on 
Bullock Rd. 

Open 
605-B1 at 
Assonet

Remainder of 1/0 
ACSR conductor at 
3% > 5 MVA LTE 
Rating. 
 
Upgrade in 2003 
LCP

NB-7
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
CROSS ROAD #109 TRANSFORMER OUTAGE CONTINGENCY 

 
Allis-Chalmers 12/16/20 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   26 MVA 
Summer Emergency   28 MVA 

 
Winter Normal   30 MVA 
Winter Emergency   31 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 10912 
Main Circuit Breaker 109B12 
Feeder Breaker 54112 

 
Close: Bus Tie Breaker T1-12 

Tie Switch T1-107-541 
 
Results: 
 

An upgrade of the main 13.2kV circuit breakers on both Cross Road transformers, and associated adjustments in SCADA alarm and trip 
settings, has been completed.   The breakers on the #109 and #111 transformers were upgraded from 1200 Amp to 2000 Amp rating 

 
Transfer of #541/542 circuits to Industrial Park #107 circuit must be accomplished before closing the Cross Road 13.2kV bus tie.  It is 
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assumed that U-MASS Dartmouth Campus in on Fisher Road #525 Circuit as a normal condition 
 

#541/542 Circuits must be transferred to the Industrial Park #107 circuit to alleviate transformer loading on the #111 bank, before closure 
of T1-2 13.2kV bus tie breaker.  Results identical to those in Diagrams NB-8 through NB-11. 
 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
 
Recommendations: 
 

The need for a station upgrade in the Cross Road / Fisher Road area will be reevaluated as part of the 2003 10-Year T&D Study.  A 
preliminary assessment indicates a need to upgrade Cross Road to two (2) 30/40/50 MVA transformers starting Summer 2006.
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NB-8 

#109 Transformer O/S
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#109 
Transformer 
O/S 

NB-9 
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NB-10 

T1-12 Bus Tie 
Closed 
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Tie 
Breaker 
Closed

#109 
Transformer 
Out of Service 

Result of ill-
advised attempt to 
pick up Cross Road 
on one bank, without 
load transfer of 
541/542 circuits to 
Industrial Park 

NB-11 NB-11A 

T1-107-541 
Closed 
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                        2003 T&D OPERATING STUDY 
 NEW BEDFORD DISTRICT 

 
CROSS ROAD #111 TRANSFORMER OUTAGE CONTINGENCY 

 
McGraw/Edison 12/16/20 MVA Transformer 

 
 
Overload Ratings: 
 

Summer Normal    29 MVA 
Summer Emergency    32 MVA 

 
Winter Normal    33 MVA 
Winter Emergency    35 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 11112 
Main Circuit Breaker 111B12 
Feeder Breaker 54112 

  Recloser 503-19 (Tucker Rd. at State Rd.) 
  Recloser 50251 at Hawthorne Substation 
 

Close: Cross Road 13.2kV Bus Tie Breaker T1-12 
Tie Switch T1-541-107 (on ROW) 

  Tie Switch T1-503-506 (Corner of Allen Street and Slocum Rd.) 
  Tie Switch T1-501-502 (State Rd. and Slocum Rd.) 
 
Results: 
 

An upgrade of the main 13.2kV circuit breakers on both Cross Road transformers, and associated adjustments in SCADA alarm and trip 
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settings, has been completed.   The breakers on the #109 and #111 transformers were upgraded from 1200 Amp to 2000 Amp rating.   
 

Transfer of #541/542 circuits to Industrial Park #107 circuit still must be accomplished before closing the Cross Road 13.2kV bus tie.  The 
need to transfer the #503 circuit to Hawthorne Substation, and the mandatory reduction of load on the Pine Street #70 circuit by 
transferring the #502 circuit to the Rockdale #501 circuit, can now be avoided.  It is assumed that U-MASS Dartmouth Campus in on 
Fisher Road #525 Circuit as a normal condition.   

 
#541/542 Circuits must be transferred to the Industrial Park #107 circuit to alleviate transformer loading on the #111 bank, before closure 
of T1-2 13.2kV bus tie breaker.  Results shown in Diagrams NB-15 through NB-17. 
 
 
 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 

None 
 
Recommendations: 
 
 

The need for a station upgrade in the Cross Road / Fisher Road area will be reevaluated as part of the 2003 10-Year T&D Study.  A 
preliminary assessment indicates a need to upgrade Cross Road to two (2) 30/40/50 MVA transformers starting Summer 2006.
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NB-12 

Switching Required 
Pre-Upgrade 

Close Tie 
Breaker T1-12 

Cross Road #111 
Transformer Out 
of Service 
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Switching Required 
Pre-Upgrade 

Tie Switch 
T1-501-502 
closed 

503-19 
Recloser 
opened 

T1-12 tie 
breaker 
closed 

NB-13 

Reclose
50251 
opened 
Hawthor
r 

at 
ne

T1-503-506 
closed 
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NB-14

Switching Required 
Pre-Upgrade 
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NB-15 

Close Bus Tie 
T1-12 
At Cross Rd.

Cross Road #111 
Transformer 
Out of Service 

Switching Required 
Post-Upgrade 
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Switching Required 
Post-Upgrade 

NB-16 

Close Bus 
Tie 
T1-12 at 
Cross Road 
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NB-17 

Switching Required
Post-Upgrade 

Open 
541-12 at 
Cross Rd.



PAGE 32 OF 167              
BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

*  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Cross Road Substation
531 6.6 7.0 643 525 Fisher Rd. CLOSE T1-525-531 3.3 3.5 9.9 10.4 17.5 Fisher Rd. Transformer Load to

OPEN 53112 24.9 MVA, 108% > 12 MVA SCADA Alarm,
but 95% of Transformer LTE Rating.

532 7.8 7.8 2603 531 Cross Rd 111 CLOSE T1-531-532 6.6 7.0 14.5 14.7 17.5 Note:  Prior practice of backup via Fisher
OPEN 53212 Road #522 Circuit No Longer Recommended

533 9.1 10.0 3239 531 CrossRd 111 CLOSE T1-531-533 6.6 7.0 10.4 11.2 17.5
506 (70) Pine Street Open 53312 4.0 4.0 6.3 6.4 7.2
501 (72) Pine Street Open 50319 3.8 3.8 6.7 6.8 6.5* #72 Circuit flow 5% > 6.5 MVA SCADA

Close T1-503-506 Alarm Limit
Open 50251
Close T1-501-502

541 5.8 6.0 1246 107 Indpark 111 CLOSE T1-107-541 4.2 4.3 10.1 10.5 10.3 #107 Circuit flow 2% > 10.3 MVA SCADA
OPEN 54112 Alarm Limit
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  2003 T&D OPERATING STUDY 
 NEW BEDFORD DISTRICT 

 
CRYSTAL SPRING TRANSFORMER OUTAGE CONTINGENCY 

 
General Electric 12/16/20 MVA Transformer 

 
 
Overload Ratings: 
 

Summer Normal    23 MVA 
Summer Emergency    25 MVA 

 
Winter Normal    27 MVA 
Winter Emergency    29 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 11462 
Main Circuit Breaker 114B62 

 
Close: Tie Switch T1-221-301 

 
Results: 
 

The #221 circuit at Arsene Street is used to pick up the entire Crystal Spring substation load 
by backfeeding through the Crystal Spring 13.2kV bus.  Under the tied condition, 221 circuit 
load is 15.3 MVA.  Cable limit on 221 circuit getaway in 900 Amps (20.6 MVA).  Refer to 
Diagrams NB-19 and NB-20. 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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Marion-area 
voltages may 
be low beyond 
Modeled area 

NB-19 

Close T1-221-301 
On ROW 

Crystal Spring 
Transformer 
Out of Service 
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NB-20 

Close T1-221-301
On ROW 
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BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

*  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Crystal Spring Substation
301 4.0 4.0 2271 221Arsene St. CLOSE T1-221-301 4.0 4.6 8.0 8.4 17.5

OPEN 30162 Note:  Rochester #114 Bank Cannot
carry Crystal Spring #302 and

302 6.6 6.6 2468 702Rochester 112 CLOSE T1-702-704 1.9 2.0 8.9 9.0 8.2 Rochester #702 loads.
CLOSE T-52 #702 Circuit flow 9% > 8.2 MVA SCADA
OPEN 30262 Alarm Limit
OPEN 114B52 Rochester #112 Bank flow 12.4 MVA, 55%

over SCADA Alarm,78% of 16 MVA LTE
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
FISHER ROAD TRANSFORMER OUTAGE CONTINGENCY 

 
RTE/ASEA 12/16/20 MVA Transformer 

 
Overload Ratings: 
 

Summer Normal    23 MVA 
Summer Emergency    26 MVA 

 
Winter Normal    31 MVA 
Winter Emergency    33 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 10982 
Main Circuit Breaker 109B82 
Feeder Breaker #52572 

 
Close: Main Circuit Breaker 109B72 

Tie Switch #T1-525-531 
 
Results: 
 

Fisher Road Wagner Bank (10 MVA nameplate, 11/12 Summer normal and emergency 
overload ratings) loaded to 12.0 MVA (100% of 12 MVA top nameplate rating,).  Main 
breaker trip setting is listed at 27 MVA.   Reference Diagram NB-21 through NB-23. 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 

 
 
Additional Actions Required: 

 
None 
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NB-21 

Close 109B72 
Breaker to 
close in 10/12 
Wagner 
Transformer 

Fisher Rd. 
RTE-ASEA 
Transformer 
Out of Service 

Open Breaker 
52572 at 
Fisher Road; 
 
Close T1-525-
531 on ROW at 
State Rd. 
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NB-22 

Open Breaker 
52572 at Fisher 
Road; 
 
Close T1-525-
531 on ROW at 
State Rd. 
 



PAGE 40 OF 167 

 

RTE-ASEA 
12/16/20 MVA 
Transformer 
Out of Service 

NB-23 
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BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

*  Coincident Feeder peaks at Forecasted Summer 2002 District 
P k*  Switching Sequences and Effects of Load Transfer Under Coincident Peak 
C diti

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS 
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Fisher Road 
S b t ti

522 1.8 2.1 874 532CrossRd 111 CLOSE T1-522-
532

7.8 7.8 9.6 9.7 10.9
OPEN 
52272

523 4.0 4.0 2125 524 Fisher Rd. CLOSE T1-523-
524

5.5 5.8 9.5 9.7 6.6 * SCADA Alarm Limit Exceeded by 
47%OPEN 

52372
7.7 MVA trip setting 

d d

523 4.0 4.0 2125 532CrossRd 111 CLOSE T2-522-
523

7.8 7.8 13.3 13.5 10.9 SCADA Alarm Limit Exceeded by 
24%522 Fisher Rd. CLOSE T1-522-

532
1.8 2.1 0.9 1.1 6.6 12.8 MVA trip setting 

d dOPEN 522-
23

 
OPEN 
52372

524 5.5 5.8 2661 523 Fisher Rd. CLOSE T1-523-
524

4.0 4.0 9.5 9.7 10.9
OPEN 
52472

524 5.5 5.8 2661 531CrossRd 111 CLOSE T1-524-
531

6.6 7.0 8.6 9.1 17.5 Low voltages (>0.95pu) on 524 
kt506 (70) Pine Street CLOSE T1-506-

524
4.0 4.0 4.8 4.8 7.2

501 (72)Pine Street OPEN 
52472

3.8 3.8 6.7 6.8 6.5 #72 Circuit Flow 5% > 6.5 MVA 
SCADAOPEN 524-

7
Alarm 
Li itCLOSE T1-501-

502OPEN 524-
7

525 3.3 3.5 1 531CrossRd 111 Close T1-531-525 6.6 7.0 9.9 10.5 17.5 525 Circuit Regulator to neutral and 
ffOpen 52572
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2003 T&D OPERATING STUDY 

NEW BEDFORD DISTRICT 
 

INDUSTRIAL PARK #111 TRANSFORMER OUTAGE CONTINGENCY 
 

ASEA 30/40/50 MVA Transformer 
 
 
Overload Ratings: 
 

Summer Normal   58 MVA 
Summer Emergency   63 MVA 

 
Winter Normal   68 MVA 
Winter Emergency   73 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 11162 
Main Circuit Breaker 111A62 
Main Circuit Breaker 111C62 

 
Close: A - B Bus Tie Breaker T1-62 

Main Circuit Breaker 112C62 
 
 
Results: 
 

After closure of 13.2kV bus tie, #112 transformer carries full station load.  Reference 
Diagram NB-24. 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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NB-24 

Industrial 
Park #111 
Transformer 
Out of 
Service; bus
Tie closed 
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
INDUSTRIAL PARK #112 TRANSFORMER OUTAGE CONTINGENCY 

 
ASEA 30/40/50 MVA Transformer 

 
 
Overload Ratings: 
 

Summer Normal   64 MVA 
Summer Emergency   69 MVA 

 
Winter Normal   69 MVA 
Winter Emergency   74 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 11262 
Main Circuit Breaker 112B62 

 
Close: A - B Bus Tie Breaker T1-62 

 
 
Results: 
 

After closure of 13.2kV bus tie, #111 transformer carries full station load.  Reference 
Diagram NB-25. 

 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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NB-25 
Industrial 
Park #112 
Transformer 
Out of 
Service; bus 
Tie closed
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BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

*  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Industrial Park Substation
101 5.6 5.9 New Circuit 103 Indpark 112 CLOSE T1-101-103 8.5 8.8 11.1 11.8 8.3* SCADA Alarm Limit Exceeded by 42%, this

107 Indpark 111 OPEN 10162 4.2 4.3 7.5 7.6 8.3 limit is set too low for 600 / 750 kcmil cable
CLOSE 10788
OPEN 10388 (ZAPP)

102 5.9 6.3 2778 106 Indpark 111 CLOSE T1-102-106 5.7 6.2 8.8 9.4 10.3
104 Indpark 111 CLOSE T1-104-160 3.2 3.6 6.0 6.7 8.3

OPEN 10262
OPEN 160-1 Recloser

103 8.5 8.8 24 101 Indpark 111 CLOSE T1-101-103 4.2 4.3 10.9 11.6 ? SCADA Alarm Limit Not Known
107 Indpark 111 OPEN 10362 4.2 4.3 7.5 7.6 8.3

CLOSE 10788
OPEN 10388 (ZAPP)

104  3.2 3.6 1066 105 Indpark 111 CLOSE T1-104-105 4.6 4.6 7.9 8.3 10.3 Note:  Church St. now on 105 Circuit
OPEN 10462

105 4.6 4.6 1992 104 Indpark 111 CLOSE T1-104-105 3.2 3.6 7.9 8.3 8.3 Note:  Church St. now on 105 Circuit
OPEN 10562

106 5.7 6.2 2172 241 Wing Lane CLOSE T1-106-241 5.7 5.9 8.7 9.3 13.0
104 Indpark 111 CLOSE T1-104-160 3.2 3.6 6.0 6.6 8.3

OPEN 10662
OPEN 160-1

106 5.7 6.2 2172 102 Indpark 111 CLOSE T1-102-106 5.9 6.3 11.6 12.5 10.3 Note:  Assumes 102 circuit cable getaway
OPEN 10662 upgraded to 750 kcmil

107 4.2 4.3 4 103 Indpark 112 CLOSE T1-103-107 8.5 8.8 11.1 11.5 8.3 * SCADA Alarm Limit Exceeded by 39%, this
101 Indpark 111 CLOSE T1-101-103 5.6 5.9 7.3 7.6 ? limit is set too low for 600 / 750 kcmil cable

OPEN 10762 #101 Ckt. SCADA Alarm Limit Not Known
OPEN 103-38 
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
PINE STREET TRANSFORMER OUTAGE CONTINGENCY 

 
FPE #114C 36/48/60 [67] MVA Transformer 

General Electric #112E 36/48/60 [67] MVA Transformer 
General Electric #114F 36/48/60 [67] MVA Transformer 

 
 
Overload Ratings: 
 

#112 GE Bank: 
 

Summer Normal   75 MVA 
Summer Emergency   82 MVA 

 
Winter Normal   82 MVA 
Winter Emergency   88 MVA 

 
#114 GE Bank: 

 
Summer Normal   72 MVA 
Summer Emergency   79 MVA 

 
Winter Normal   80 MVA 
Winter Emergency   85 MVA 

 
#114 FPE Bank: 

 
Summer Normal   72 MVA 
Summer Emergency   89 MVA 

 
Winter Normal   80 MVA 
Winter Emergency   85 MVA 

 
 
Switching Actions: 
 

GE Bank #112E: 
 

Open: Motor-Operated Switch 112E07 
Circuit Breaker 112A11 
Circuit Breaker 112D11 
Circuit Breaker 112C11 

 
Close: Nothing 
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GE Bank #114F: 

 
Open: Motor-Operated Switch 114F07 

Circuit Breaker 114B11 
Circuit Breaker 112A11 
Circuit Breaker 112D11 

 
Close: Nothing 

 
FPE Bank #114C: 

 
Open: Motor-Operated Switch 11417 

Circuit Breaker BC11 
Circuit Breaker CB11 

 
Close: Nothing 

 
 
Results: 
 

Reference Diagram NB-26. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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NB-26 
One Pine Street 
Transformer Out of 
Service
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P IN E  S T R E E T  D IS T R IB U T IO N  S U P P L Y  F E E D E R  C O N T IN G E N C IE S

*  C o inc id e nt F e e d e r p e a k s  a t F o re ca s te d  2 0 0 2  N e w  B e d fo rd  D is tric t P e a k
*  S w itc hing  S e q ue nc e s  a nd  E ffe c ts  o f L o a d  Tra ns fe r U nd e r C o inc id e nt P e a k  C o nd i tio ns

S C A D A
   P EA K  L O A D S W IT C H IN G   (B EF O R E)     (A F T ER ) A L A R M P R O B L EM  A R EA S

C K T . N U M B ER (M W ) (M V A ) B A C K U P  C IR C U IT A C T IO N S (M W ) (M V A ) (M W ) (M V A ) (M V A )

    P in e  S tre e t

1 10 2.4 2 .5 84 C L O S E  T1 -8 4-11 0 4 .9 4 .9 7 .3 7 .3 6 .6 * C k t  84  flow  1 1%  over 6 .6  M V A
O P E N  1 10 11 S C A D A  A la rm  L im it

23 1 .2 1 .3 87 C L O S E  T1 -2 3-92 4 .5 4 .9 5 .7 5 .8 6 .6
O P E N  2 31 1

8 3.6 3 .8 81 C L O S E  82 7 3 .3 3 .3 6 .9 7 .0 6 .6  * C k t  81  F lo w  6%  over 6 .6  M V A
O P E N  8 11 S C A D A  A la rm  L im it

24 4 .6 4 .7 86 C L O S E  T1 -2 4-86 2 .4 2 .5 7 .6 7 .9 * 6 .6 86  C k t  flow  2 0%  over 6 .6  M V A
O P E N  2 41 1 S C A D A  A la rm  L im it

8 9S 2.3 2 .4 8 9N C L O S E  T1 -8 9N -8 9S 4 .9 5 .0 7 .3 7 .5 * 6 .6 89 N  C k t  flo w  1 4%  o ve r 6 .6  M V A
O P E N  8 91 1 S C A D A  A la rm  L im it
C L O S E  86 57  Tran s fe r B u ild in g  19  to  # 8 6  C irc u it
O P E N  8 95 7

66 3.5 4 .0 81 C L O S E  T1 -6 6-81 3 .3 3 .3 6 .8 7 .1 6 .6  * C k t  81  flow  8 %  o ve r 6 .6  M V A
O P E N  6 61 1 S C A D A  A la rm  L im it

70 4 .0 4 .0 5 02  (7 2 ) C L O S E  T1 -5 02 -5 01 3 .8 3 .8 7 .8 7 .8 * 6 .5 72  C k t  flow   20 %  o ve r 6 .5  M V A
O P E N  7 01 1 S C A D A  A la rm  L im it

73 3 .8 4 .3 55 C L O S E  T1 -5 5-73 3 .8 4 .0 7 .8 8 .5 * 7 .2 55  C k t  flow  1 8%  over 7 .2  M V A
O P E N  7 31 1 S C A D A  A la rm  L im it

55 3 .8 4 .0 73 C L O S E  T1 -5 5-73 3 .8 4 .3 7 .5 8 .1 *6 .8 73  C k t  flow  1 9%  over 6 .8  M V A
O P E N  5 51 1 S C A D A  A la rm  L im it

59 4 .7 5 .0 72 C L O S E  T1 -5 9-72 3 .8 3 .8 7 .8 8 .2 * 6 .5 72  C k t  flow  2 6%  over 6 .5  M V A  S C A D A
5 02  (7 0 ) O P E N  5 91 1 4 .0 4 .0 4 .7 4 .7 7 .2 A la rm  L im it ;  97 81 ' o f 50 0  k c m il c a b le

C L O S E  T1 -5 01 -5 02 at  1 00 %  o f 8  M V A  N o rm a l ra t ing
O P E N  5 01 81  A T R O C K D A L E

71 3.6 3 .8 3 C L O S E  33 5 3 .6 4 .1 7 .2 8 .0 * 6 .6 3  C k t  flo w  21 %  o ve r 6 .6  M V A
O P E N  7 13 5 S C A D A  A la rm  L im it
O P E N  7 11 1
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P IN E  S T R E E T  D IS T R IB U T IO N  S U P P L Y  F E E D E R  C O N T IN G E N C IE S

*   C o in c id e n t F e e d e r  p e a k s  a t F o re c a s te d  2 0 0 2  N e w  B e d fo rd  D is tr i c t P e a k
*   S w i tc h in g  S e q u e n c e s  a n d  E ffe c ts  o f L o a d  T ra n s fe r U n d e r  C o i n c id e n t P e a k  C o n d i t i o n s

   C O I N C I D E N T     B A C K U P  C K T .  L O A D S C A D A
   P E A K  L O A D S W I T C H I N G   (B E F O R E )      (A F T E R ) A L A R M P R O B L E M  A R E A S

C K T .  N U M B E R (M W ) (M V A ) B A C K U P  C I R C U I T A C T I O N S (M W ) (M V A ) (M W ) (M V A ) (M V A )

    (P i n e  S tr e e t  B u se s,  C o n t'd )

7 2 3 . 8 3 . 8 5 9 C L O S E  T 1 -5 9 -7 2 4 . 7 5 . 0 7 . 5 7 . 8 *  6 . 4 5 9  C k t  flo w  2 2 %  o ve r 6 . 4  M V A
7 1 O P E N  7 2 1 1 3 . 6 3 . 8 4 . 6 4 . 9 5 . 1 S C A D A  A la rm  L im i t

C L O S E  7 1 2 7 N . B .  H ig h  S c h o o l  m u s t  b e  t ra n s fe rre d
O P E N  5 9 2 7 t o  # 7 1  C irc u i t .

3 3 . 6 4 . 1 2 1 C L O S E  2 1 6 7 1 . 6 1 . 7 5 . 2 5 . 8 6 . 6
O P E N  3 1 1

2 1 1 . 6 1 . 7 3 C L O S E  2 1 6 7 3 . 6 4 . 1 5 . 2 5 . 9 6 . 6
O P E N  2 1 1 1

5 2 . 4 2 . 6 N O N E O P E N  5 1 1 0 . 0 0 . 0 0 . 0 0 . 0 X T h re e  s e c o n d a ry  n e t w o rk  u n i t s
(# 2 ,  # 5 ,  # 6 ) O u t  o f S e rvic e .

6 7 3 . 7 3 . 7 8 9 S C L O S E  8 9 2 7 2 . 3 2 . 4 6 . 0 6 . 2 6 . 6
O P E N  6 7 1 1

2 5 3 . 2 3 . 2 7 C L O S E  T 1 -7 -2 5 3 3 . 0 6 . 2 6 . 2 6 . 6
O P E N  2 5 1 1

5 3 2 . 1 2 . 3 6 0 C L O S E  6 0 5 7 4 . 4 4 . 6 6 . 4 6 . 9 *  5 . 1 6 0  C k t  flo w  3 5 %  o ve r 5 . 1  M V A
O P E N  5 3 1 1 S C A D A  A la rm  L im i t

2 2 . 2 6 . 5 6 0 C L O S E  2 6 7 4 . 4 4 . 6 6 . 6 6 . 8 6 . 6 6 0  C k t  flo w  3 %  o ve r  6 . 6  M V A  S C A D A
(C A P A C IT O R ) O P E N  2 1 1 A la rm  L im i t ;  6 9 8  fe e t  o f 3 0 0  K C M IL

O P E N  2 C 0 2 C a b le  O ve rlo a d e d  b e t w e e n  B o n n e y  S t .
L C  # 1 7 ,  1 %  >  6 . 8  M V A  L T E

6 0 4 . 4 4 . 6 2 C L O S E  2 6 7 2 . 2 6 . 5 6 . 6 6 . 8 6 . 6 6 0  C k t  flo w  3 %  o ve r  6 . 6  M V A  S C A D A
 O P E N  6 0 1 1 A la rm  L im i t ;  # 2  C a p a c i t o r m u s t  b e

O P E N  2 C 0 2 s w i t c h e d  o u t  o f s e rvic e

6 2 . 7 2 . 9 6 0 C L O S E  6 0 4 6 4 . 4 4 . 6 3 . 8 3 . 9 6 . 6 # 6 0  C irc u i t  is  u s e d  t o  b a c k  u p  # 6  C irc u i t ;
2 O P E N  6 1 1 2 . 2 6 . 5 5 . 5 6 . 8 *  6 . 6 B o l t o n  S u b  # 6 3  C irc u it  m u s t  b e  t ra n s fe rre

O P E N  6 0 4 7 t o  # 2  C irc u i t  t o  p re ve n t  o ve r lo a d  o f
C L O S E  2 6 7 6 9 8 ' o f 3 0 0  M C M  C u  c a b le ;   # 2  C k t  flo w

3 %  o ve r   6 . 6  M V A  S C A D A  A la rm 
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PINE STREET DISTRIBUTION SUPPLY FEEDER CONTINGENCIES

*  Coincident Feeder peaks at Forecasted 2002 New Bedford District Peak
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT     BACKUP CKT. LOAD SCADA
   PEAK LOAD SWITCHING   (BEFORE)     (AFTER) ALARM PROBLEM AREAS

CKT. NUMBER (MW) (MVA) BACKUP CIRCUIT ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    (Pine Street Buses, Cont'd)

54 2.5 2.5 4 CLOSE T1-4-54 1.5 1.6 3.9 4.1 6.6
OPEN 5411

 
4 1.5 1.6 54 CLOSE T1-5-54 2.5 2.5 4.0 4.2 4.3 218 feet of #2 Cu Cable overloaded

OPEN 411 4% over 3 MVA LTE rating Grit Sub.

7 3.0 3.0 25 CLOSE T1-7-25 3.2 3.2 6.3 6.3 6.6
OPEN 711

62 1.1 1.9 69 CLOSE 6947 2.6 2.7 3.7 4.4 6.6
OPEN 6211

69 2.6 2.7 62 CLOSE 6947 1.1 1.9 3.7 4.4 6.6
OPEN 6911

97 1.4 1.4 98 CLOSE K9798T1 1.4 1.4 2.8 2.8 N/A SCADA Alarm Setting Not Known
OPEN 9711

98 1.4 1.4 97 CLOSE K9798T1 1.4 1.4 2.8 2.8 N/A SCADA Alarm Setting Not Known
OPEN 9811
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B U L K  S U B S T A T IO N  D S S  L IN E  S IN G L E -C O N T IN G E N C Y  A N A L Y S IS

*   C o in c id e n t F e e d e r  p e a k s a t F o re c a ste d  S u m m e r  2 0 0 2  D istr i c t P e a k s
*   S w i tc h in g  S e q u e n c e s a n d  E ffe c ts o f L o a d  T ra n sfe r  U n d e r  C o in c id e n t P e a k  C o n d i tio n s

   C O IN C ID E N T         B A C K U P  C K T .  L O A D S C A D A
C IR C U IT    P E A K  L O A D N U M B E R   B A C K U P   B A C K U P S W IT C H IN G   (B E F O R E )        (A F T E R ) A L A R M       P R O B L E M  A R E A S
N U M B E R (M W ) (M V A ) C U S T O M E R S   C IR C U IT   S T A T IO N A C T IO N S (M W ) (M V A ) (M W ) (M V A ) (M V A )

    N e w  B e d fo r d  A r e a  L C U 's

    S o u th  D a rtm o u th  S u b . -  # 5 0 5  C irc u it S W IT C H IN G  O P T IO N  # 1
5 0 5 2 .2 2 .2 1 3 5 3 6 3  (6 0 ) B O L TO N (P IN E ) C L O S E  T1 -6 3 -5 0 5 4 .4 4 .6 6 .6 6 .8 6 .6 # 6 3  C k t .  flo w  5 .8  M V A ,  B o lt o n  2 2 1 A

O P E N  5 0 5 2 2 re g u la to r o ve rlo a d e d  a t  1 5 %  o ve r
4 .6  M V A   (2 0 2 A ) R a t in g

S W IT C H IN G  O P T IO N  # 2

5 0 5 2 .2 2 .2 1 3 5 3 5 2 4 F is h e r R d . C L O S E  T1 -5 0 6 -5 0 5 5 .5 5 .8 8 .1 8 .5 9 .1
C L O S E  T1 -5 0 6 -5 2 4
O P E N  5 0 6 -8

    B o lto n  S u b . -  # 6 3  C irc u it S W IT C H IN G  O P T IO N  # 1 N o te :   P re  C irc u it  6 3  /  6 5  s p li t  p ro je c t

6 3 3 .2 3 .6 1 7 9 6    5 0 5  (2 ) C L O S E  T1 -6 3 -5 0 5 2 .2 6 .5 5 .8 7 .2 8 .9 # 5 0 5  C k t .  flo w  5 .9  M V A  (2 5 9 A ),  S .  D a rt .
O P E N  6 3 4 1 1 8 0 A  re g u la to r o ve rlo a d e d  a t  4 4 %  o ve r

4 .1  M V A  ra t in g .   1 / 0  Trip le x  A e ria l
c a b le  o ve rlo a d e d  3 5 %  o ve r 4 .4  M V A

S W IT C H IN G  O P T IO N  # 2 (1 9 2  A m p ) ra t in g .
N o te :   P re  C irc u it  6 3  /  6 5  s p li t  p ro je c t

6 3 3 .2 3 .6 1 7 9 6    5 0 3  (5 3 3 ) C ro s s R d  1 0 9 C L O S E  T1 -6 3 -5 0 3 9 .1 1 0 1 2 .6 1 4 .0 9 .9  * # 5 0 3  C k t .  2 / 0  C u  w ire  o ve rlo a d e d  5 %  o ve r
O P E N  6 3 4 1 6 .9  M V A  e m g .  ra t in g .   S e rio u s  vo lta g e

vio la t io n s  0 .9 1 -0 .9 5  p u  o n  5 3 3 /5 0 3  c k ts .
C ro s s  R d  5 3 3  e x c e e d s  9 .9  M V A  a la rm

    H a w th o rn e  S u b . -  # 5 0 2  C irc u it
5 0 2 2 .8 2 .9 1 1 9 3   5 0 1  (7 2 ) C L O S E  T1 -5 0 1 -5 0 2 3 .8 3 .8 6 .7 6 .8 6 .5 # 7 2  C irc u it  flo w  5 %  o ve r 6 .5  M V A  S C A D A

O P E N  5 0 2 5 1 A la rm  L im it

    H a w th o rn e  S u b . -  # 5 0 6  C irc u it
5 0 6 0 .8 0 .9 (? )   5 0 2  (7 0 ) C L O S E  T1 -5 0 1 -5 0 2 4 .0 4 .0 3 .5 3 .6 6 .5 N o  c h a n g e  in  # 7 0  C irc u it  L o a d in g

O P E N  5 0 2 5 1

    H ig h la n d  S u b . -  # 4 0 3  C irc u it
4 0 3 2 .7 2 .2  5 4 2  (5 4 1 ) C ro s s R d  1 0 9 C L O S E  T1 -4 0 3 -5 4 2 U G 5 .9 6 .1 8 .4 8 .8 1 7 .5

O P E N  4 0 3 4 1

    R o c k d a le  S u b . -  # 5 0 1  C irc u it
5 0 1 3 .7 3 .7 9 9 9  5 0 2  (7 0 ) C L O S E  T1 -5 0 1 -5 0 2 4 .0 4 .0 7 .1 7 .1 6 .5 # 7 0  C irc u it  a t  9 %  o ve r S C A D A  a la rm  

O P E N  5 0 2 8 1 o f 6 .5  M V A
5 0 6 0 .8 0 .9 (? ) 5 0 5  (2 ) C L O S E  T1 -5 0 6 -5 0 5 2 .2 6 .5 3 .1 6 .5 8 .9

O P E N   5 0 6 5 1 
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2003 T&D OPERATING STUDY 
NEW BEDFORD DISTRICT 

 
WING LANE TRANSFORMER OUTAGE CONTINGENCY 

 
McGraw-Edison 21/28/35 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   45 MVA 
Summer Emergency   49 MVA 

 
Winter Normal   49 MVA 
Winter Emergency   53 MVA 

 
 
Switching Actions: 
 
1. Isolate Wing Lane Bulk Transformer: 
 

Open: Circuit Switcher 11472 
Main Circuit Breaker 114B72 

 
Close: Nothing 

 
2. Transfer Wing Lane #240 circuit to Arsene Street #220 circuit: 
 

Open: Feeder Breaker #24072 at Wing Lane 
 

Close: Tie Switch #T1-220-240 on R.O.W. North of Bridge St. 
 
3. Transfer Wing Lane #241 circuit to Industrial Park #106 circuit.   #106 circuit load increases 

to 11.1 MVA (108% of 10.3 MVA SCADA alarm setting, 93% of 12 MVA 500kcmil 1-
conductor cable rating): 

 
Open: Feeder Breaker #24172 at Wing Lane 

 
Close: Tie Switch #T1-106-241 on R.O.W. 

 
4. Unload Industrial Park #106 circuit to reduce loading on 500 kcmil station getaway by 

transferring Acushnet Avenue #160 circuit to Industrial Park #104 circuit: 
 

Open: Recloser #160-1 on Acushnet Avenue at R.O.W. 
 
Close: Tie Switch #T1-104-160 on Phillips Road. 
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5. Transfer A.T.& T. from Wing Lane #242 circuit to Arsene St. #222 circuit: 
 

Open: Feeder Breaker #24272 at Wing Lane 
 

Close: 13.2kV Bus tie breaker at A.T. & T. 
 
 
Results: 
 

Step #3 increases Industrial Park #106 circuit loading from 5.5 MVA to 11.1. 
 

Step #4 reduces #106 circuit loading to 8.3 MVA. 
 

Reference Diagrams NB-27 through NB -29. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 

None 
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BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

*  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
*  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Wing Lane Substation
240 6.5 6.8 2545 222 Arsene St. CLOSE T1-222-240 2.3 2.7 8.8 9.4 13.0

OPEN 24072

241 5.4 5.6 2829 106 IndPark 111 CLOSE T1-106-241 5.0 5.5 7.9 8.3 10.3
OPEN 24172

104 IndPark 111 OPEN 160-1 2.9 3.3 5.3 5.9 8.3
CLOSE T1-104-160

242 0.0 0.0 1 222 Arsene St. CLOSE AT&T TIE 2.3 2.7 2.3 2.7 13.0
OPEN 24272
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Plymouth District 
Bulk Substation Transformer Outages 

Distribution Supply Line Outages 
Thermal Results and Remedial Switching Actions
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
DUXBURY #117 TRANSFORMER OUTAGE CONTINGENCY 

 
McGraw-Edison 30/40/50 [56] MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   62 MVA 
Summer Emergency   68 MVA 

 
Winter Normal   70 MVA 
Winter Emergency   75 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher B11722 
Main Circuit Breaker 117B22 

 
Close: Bus Tie Breaker T-22 

 
Results: 
 
  Reference Diagram P-1. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
 

None 
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
DUXBURY #191 TRANSFORMER OUTAGE CONTINGENCY 

 
McGraw-Edison 30/40/50 [56] MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   62 MVA 
Summer Emergency   67 MVA 

 
Winter Normal   70 MVA 
Winter Emergency   75 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher B19122 
Main Circuit Breaker 191B22 

 
Close: Bus Tie Breaker T-22 

 
Results: 
 
  Reference Diagram P-2. 
 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
 

None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Duxbury Substation
24 5.2 5.6 1851 26 Duxbury #117 CLOSE T1-24-26 8.6 9.1 13.8 14.7 22

2.2 OPEN 2422 3.1 5.2

26 8.6 9.1 3281 24 Duxbury #117 CLOSE T1-24-26 5.2 5.6 13.7 14.7 22
3.1 OPEN 2622 2.2 5.3

25 7.5 8.0 2464 21 Marshfield CLOSE T1-21-25 9.3 9.3 16.9 17.0 22
-2.8 OPEN 2522 0.1 -2.1

27 3.9 3.9 1829 22 Marshfield CLOSE T1-22-27 5.2 5.6 9.2 9.3 22
0.3 OPEN 2722 -2.1 -1.6
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
KINGSTON #192 TRANSFORMER OUTAGE CONTINGENCY 

 
Allis-Chalmers 12/16/20 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   29 MVA 
Summer Emergency   31 MVA 

 
Winter Normal   31 MVA 
Winter Emergency   31 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher 19252 
Main Circuit Breaker 192B52 
Feeder Breaker #1752 

 
Close: Bus Tie Breaker T1-52 
 Tie Switch #T1-17-26 

 
Results: 
 
 
  Reference Diagram P-3. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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P-3 

 
 
KINGSTON #192: 
 

1996 Coincident Summer Peak Load:  15.0 MW, 0.5 Mvars 
 M M1997 Hi-Weather Forecasted Summer Peak: 20.7 MW 

 
 
 
Transformer:  Allis Chalmers - 12/16/20 (Vintage:  1970) 
 

Ratings: Summer Normal = 28.69 Winter Normal = 31.19 
Summer Emergency = 30.94 Winter Emergency = 31.19 

 
Outage Contingency: Open: Main Breaker 192B52 

Switch #1749 
 

Close: Bus Tie Breaker T1-52 (Kingston #192 To Kingston #193) 
Tie Switch T1-17-26 (Kingston #192 To Duxbury #117) 

Results: 
No Violations.  Kingston #192 Kingston #193 Duxbury #117 

Flow Before Contingency ==>   22.1 MVA    5.9 MVA  10.9 MVA 
Flow After Contingency ==>     0.0 MVA     8.7 MVA  29.9 MVA 

 

Open 
1752 
Breaker 

T1-17-26 
Closed 

Kingston #192 Xfmr O/S; 
T1-52 Bus Tie Closed 

Actions Required:  None. 
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
KINGSTON #193 TRANSFORMER OUTAGE CONTINGENCY 

 
Allis-Chalmers 12/16/20 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   27 MVA 
Summer Emergency   29 MVA 

 
Winter Normal   31 MVA 
Winter Emergency   33 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher 19352 
Main Circuit Breaker 193B52 
Feeder Breaker #1552 

 
Close: Bus Tie Breaker T1-52 
 Tie Switch #T1-901-930 (ties Kingston #15 line to the West Pond #10 Line). 

 
Results: 
 
 
  Reference Diagram P-4. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 

 
  None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Kingston Substation
17 16.9 16.9 3099 26 Duxbury #117 CLOSE T1-17-26 8.6 9.1 25.3 25.6 22 26 Line Flow 16% > 22 MVA SCADA Alarm

1.3 OPEN 1752 3.1 3.9

15 8.0 8.3 3493 10 W. Pond #116 CLOSE T1-901-930 7.1 7.1 15.4 15.4 13 #10 Line Flow 18% > 13 MVA SCADA Alarm
-2.3 OPEN 1552 0.6 0.8
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
MANOMET TRANSFORMER OUTAGE CONTINGENCY 

 
 

Allis-Chalmers 12/16/20 MVA Transformer 
 
Overload Ratings:  
 

Summer Normal   27 MVA 
Summer Emergency   29 MVA 

 
Winter Normal   30 MVA 
Winter Emergency   32 MVA 

 
Switching Actions: 
 
 

Open: Circuit Switcher 10812 
Main Circuit Breaker 108B12 
Feeder Breaker #7312 

 
Close: Tie Switch #T1-13-71 (tie to West Pond) 
 Tie Switch #T1-73-89 (to Valley new transformer) 

 
Results: 
 
The Manomet 23 kV Transformer supplies load to the Plymouth area through three different paths: the 71 
Feeder (extending westward from the substation), the 72 Feeder (extending eastward from the substation), 
and the 73 Feeder (extending southward from the substation). 
 
As established by a Service Agreement between ENTERGY and NSTAR, Manomet Substation is 
required to reserve enough capacity  to provide emergency shutdown/startup power for Pilgrim Nuclear 
Station Offsite Wheeling Requirements.  This emergency shutdown/startup power would be supplied by 
Manomet’s 72 Feeder.  As a backup to the 72 Feeder and by way of the Manomet bus, the 71 Feeder 
would act as a second source bringing a supply of power from West Pond #117 Substation should there 
be a loss of the Manomet 23 kV transformer. 
 
On an annual basis, ENTERGY submits to the Company three items: 1) The amount of load required by 
Pilgrim for emergency shutdown/startup power; 2) The power factor level; and 3) The three specific years 
designated as the study period.  The Company then runs several contingencies to determine the effects, if 
any, which this additional load may have on the system, making recommendations accordingly when 
needed.  For the past several years, the load and power factor levels submitted by ENTERGY have been 
8.3 MW at a power factor level of 87.5%.  This analysis has been conducted with the Pilgrim emergency 
shutdown/startup power in-service at 8.3 MW at a power factor of 87.5% lagging. 
 
 
 
 



PAGE 72 OF 167 

 

   
  Reference Diagram P-5. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
None 
 



T1-73-89 
Closed 

P-5
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Manomet Substation
71 3.2 3.2 1077 13 W. Pond #117 CLOSE T1-13-71 9.6 9.6 12.9 12.9 13 99% of 13 MVA published SCADA Alarm

0.5 OPEN 7112 0.7 0.4

72 * 8.1 8.1 1590 NONE *** NONE *** SEE BELOW 0.0 0.0 0.0 0.0 0 No DSS backup
0.2 OPEN 7212 0.0 0.0

73 ** 2.8 2.8 2716 89 Valley #108 CLOSE T1-73-89 18.9 19.5 21.9 23.4 42 Assumed new SCADA Alarm Limit
0.5 or 7326 ** 4.9 8.3

OPEN 7313

73 **** 2.8 2.8 2716 89 Valley #108 CLOSE T1-73-89 18.9 19.5 21.9 23.4 19.8 Existing SCADA Alarm exceeded by 18%
0.5 OPEN 7313 4.9 8.2 20 MVA Transformer Limit Exceeded by 16%

84 Wareham CLOSE T1-84-88 18.8 18.8 24.0 24.4 21 84 Ckt Flow Exceeds SCADA Alarm by 16%
OPEN 8852 1.2 4.2

* Pilgrim RSS load in-service *** There is backup available by tying the 72 line through the #940 and #938 circuits as described below.
** Pine Hills load on #89 feeder out of Valley #108 **** Pine Hills load on #89 feeder out of Valley #113

Currently, under emergency conditions, the #940 Circuit is connected to the #938 
Circuit at pole 46/80.  In order to make this connection, existing 40 Amp (40T) fuses are changed 
to solid disconnect switches.  As a result of this limitation, it is not feasible to use the connection of these two circuits as a regular tie.
The Company is required by contract, to provide emergency shutdown/startup 
power through the 72 Feeder for Pilgrim Nuclear Station Offsite Wheeling Requirements.

Valley Double-Ending Assumed Completed

Valley Double-Ending Assumed Not Completed
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
MARSHFIELD TRANSFORMER OUTAGE CONTINGENCY 

 
Allis-Chalmers 12/16/20 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   28 MVA 
Summer Emergency   30 MVA 

 
Winter Normal   32 MVA 
Winter Emergency   34 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher 19192 
Main Circuit Breaker 191B92 

 
Close: Tie Switch #T1-23-24 (transfers entire station to Duxbury #117 transformer) 

 
Results: 
 
 
  Reference Diagram P-7. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None. 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Marshfield Substation
21 9.3 9.3 5974 24Duxbury #117 CLOSE T1-21-24 5.2 5.6 14.5 14.7 22

0.1 OPEN 2192 2.2 2.5

22 5.2 5.6 2027 27Duxbury #191 CLOSE T1-22-27 3.9 3.9 9.4 9.5 22
-2.1 OPEN 2292 0.3 -1.4

23 * 0.0 0.0 0 24Duxbury #117 NONE 0.0 0.0 0.0 0.0 24
-2.8 REQUIRED 0.0 0.0

* Normally open and served from Duxbury
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
ROCHESTER #112 TRANSFORMER OUTAGE CONTINGENCY 

 
Westinghouse 10/12 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   15 MVA 
Summer Emergency   16 MVA 

 
Winter Normal   22 MVA 
Winter Emergency   23 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher 11252 
Main recloser 112B52 

 
Close: Tie Breaker #T-52 (transfers entire station to Rochester #114 transformer) 

 
Results: 
 
 
  Reference Diagram P-8. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 
 

None. 
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
ROCHESTER #114 TRANSFORMER OUTAGE CONTINGENCY 

 
Wagner 5 MVA Transformer 

 
 
Overload Ratings:  
 

Summer Normal   6 MVA 
Summer Emergency   6 MVA 

 
Winter Normal   8 MVA 
Winter Emergency   9 MVA 

 
 
Switching Actions: 
 
 

Open: Circuit Switcher 11452 
Main circuit breaker 114B52 

 
Close: Tie Breaker #T-52 (transfers entire station to Rochester #112 transformer) 

 
Results: 
 
    
  Reference Diagram P-9. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
 

None. 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Rochester Substation
*

702 1.9 2.0 848 703 Rochester CLOSE T2-702-703 3.3 4.0 5.5 5.8 8.2
0.7 OPEN 70252 2.2 1.7

*
703 3.3 4.0 885 702 Rochester CLOSE T2-702-703 1.9 2.0 5.5 6.5 8.2

2.2 OPEN 70352 0.7 3.5

* Prior to closing this tie switch, an 1800 kvar switched capacitor bank on pole 184/2 on the 703 circuit (near the sub) must be opened.
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
TREMONT  #113 TRANSFORMER OUTAGE CONTINGENCY 

 
GE 12/12/12 MVA Transformer Bank 

 
 
Overload Ratings:  
 

Summer Normal   12 MVA * 
Summer Emergency   12 MVA 

 
Winter Normal   12 MVA 
Winter Emergency   12 MVA 

 
* These transformers, single-phase banks of vintage 1938, do not have loss-of-life emergency ratings 
calculated for them.  Limit is 12 MVA top nameplate rating. 
 
Switching Actions: 
 
 

Open: Circuit Switcher B11332 
Main circuit breaker 113B32 

 
Close: Feeder Breaker #8332 (transfers Tremont #113 bus to Wareham Substation via the #83 

DSS feeder). 
 
Results: 
 
 
  Reference Diagram P-10. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
 

None. 



PAGE 84 OF 167 

 

#8332 
Breaker 
Closed 

Tremont #113 
Xfmr O/S 

P-10



PAGE 85 OF 167 

 

2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
TREMONT  #114 TRANSFORMER OUTAGE CONTINGENCY 

 
GE 12/12/12 MVA Transformer Bank 

 
 
Overload Ratings:  
 

Summer Normal   12 MVA * 
Summer Emergency   12 MVA 

 
Winter Normal   12 MVA 
Winter Emergency   12 MVA 

 
* These transformers, single-phase banks of vintage 1938, do not have loss-of-life emergency ratings 
calculated for them.  Limit is 12 MVA top nameplate rating. 
 
Switching Actions: 
 
 

Open: Circuit Switcher B11432 
Main circuit breaker 114B32 

 
Close: Tremont bus tie breaker #T1-32. 

 
Results: 
 
 
  Reference Diagram P-11. 
 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
 

None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Tremont Substation
81 4.0 4.0 1751 11 W. Pond 116 CLOSE T1-11-81 1.6 1.6 5.8 5.8 14

0.4 OPEN 8132 0.3 0.5

85 7.2 7.2 4487 84 Wareham CLOSE T1-84-85 * 18.8 18.8 26.3 26.4 21 #84 Ckt flow 26% > 21 MVA SCADA Alarm
0.1 OPEN 8532 1.2 2.3 84 Line resag project should permit use

of full 28 MVA LTE conductor rating
* Tobey Hospital, Wareham, will not have an alternate feed during this tied condition
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
VALLEY #113 (GE) TRANSFORMER OUTAGE CONTINGENCY 

 
 

GE 12/16/20 [22] MVA Transformer 
 
Overload Ratings:  
 

Summer Normal   28 MVA * 
Summer Emergency   30 MVA * 

 
Winter Normal   32 MVA * 
Winter Emergency   34 MVA * 

 
* These are calculated loss-of-life ratings.  The Valley GE transformer bank has thermal hot spots that 
have been identified via a thermal imaging survey conducted during an inspection of the unit.  This 
unit is derated to 20 MVA until the double-ending of this station is complete in June, 2003.  The 
commissioning of the new unit will permit a closer inspection of this unit to determine the 
acceptability of the higher overload ratings listed above.   Moreover, existing transformer bank and 
both DSS feeders have a 20.7 MVA CT reading limit, beyond which higher loads could not be read 
by SCADA. 
 
 
Switching Actions: 
 
 

Open: Circuit Switcher 11352 
Main Circuit Breaker 113B52 

 
Close: New Bus Tie Breaker #T1-52 (?)   (tie to new Valley #108 transformer bank) 

 
Results: 
 
As previously described for the Manomet Substation outage contingency, this analysis has been 
conducted with the Pilgrim emergency shutdown/startup power in-service at 8.3 MW at a power factor of 
87.5% lagging. 
 
  Reference Diagram P-12. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required:  None 
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
VALLEY #108 (ALLIS-CHALMERS) TRANSFORMER OUTAGE CONTINGENCY 

 
 (TRANSFORMER ASSUMED IN-SERVICE 6/1/02) 

 
Allis-Chalmers 15/20/25 MVA Transformer 

 
Overload Ratings:  
 

Summer Normal   28 MVA 
Summer Emergency   42 MVA 

 
Winter Normal   36 MVA 
Winter Emergency   45 MVA 

 
Switching Actions: 
 
 

Open: Circuit Switcher 10852 
Main Circuit Breaker 108B52 

 
Close: New Bus Tie Breaker #T1-52 (?)   (tie to existing Valley GE #113 transformer bank) 

 
Results: 
 
As previously described for the Manomet Substation outage contingency, this analysis has been 
conducted with the Pilgrim emergency shutdown/startup power in-service at 8.3 MW at a power factor of 
87.5% lagging. 
 
  Reference Diagram P-13A. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 

 
 

Additional Actions Required: 
 
None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Valley Substation

88 4.9 5.3 5861 84 Wareham CLOSE T1-84-88 18.8 18.8 24.0 24.3 21 #84 Ckt flow 26% > 21 MVA SCADA Alarm
2.1 OPEN 8852 1.2 4.1 84 Line resag project should permit use

of full 28 MVA LTE conductor rating
89 18.9 19.5 6638 73 Manomet CLOSE T1-73-89 2.8 2.8 17.2 17.7 21.2 Manomet Transformer load 27.2 MVA,

4.9 or 7326 * 0.5 4.1  100% of SCADA Alarm  **
OPEN 8952

13 W. Pond 117 CLOSE T1-13-71 9.6 9.6 12.9 12.9 13 99% of 13 MVA published SCADA Alarm
OPEN 7112 0.7 0.4

Valley Double-Ending Assumed Completed *

* Presence of double-ended station at Valley does not impact DSS line contingency results
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
WAREHAM TRANSFORMER OUTAGE CONTINGENCY 

 
ASEA 30/40/50 MVA Transformer Bank 

 
 
Overload Ratings:  
 

Summer Normal   62 MVA 
Summer Emergency   66 MVA 

 
Winter Normal   70 MVA 
Winter Emergency   73 MVA 

 
Switching Actions: 
 
 

Open: Circuit Switcher 10842 
Main circuit breaker 108B42 

  Feeder Breaker #8442 
  Feeder Breaker #8342 
 

Close: Feeder Breaker #8332 (at Tremont) 
 Tie Switch #T1-84-88 

 
Results: 
 
 
  Reference Diagram P-14. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 
 
 None. 



 

P
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Wareham Substation

83 3.6 3.8 1586 83 Tremont CLOSE 8332 ** 0.0 0.0 3.6 1.1 14
1.1 OPEN 8342 0 1

84 18.8 18.8 6201 88 Valley 113 CLOSE T1-84-88 4.9 5.3 24.3 24.7 16.7 Published 16.7 MVA SCADA Alarm Setting
1.2 OPEN 8842 2.1 4.4 Exceeded by 48%.  This limit was based on

3/0 conductor.  This has been upgraded
** Tremont 83 Circuit normally open.  Tie is 8332 breaker at Tremont to 795 ACSR.  Recommend increase

SCADA Alarm limit to 24 MVA LTE or greater

84 18.8 18.8 6201 88 Valley 113 CLOSE T1-84-88 4.9 5.3 29.4 30.4 16.7 Published 16.7 MVA SCADA Alarm Setting
1.2 OPEN 8842 2.1 7.8 Exceeded by 48%.  Valley Transformer

OPEN 925-2, CLOSE T1-923-925 load 33 MVA, 9% over 30 LTE rating, 65% 
OPEN 922-2, CLOSE T1-922-925 over derated 20 MVA limit

73 Manomet CLOSE T1-73-89 2.8 2.8 17.2 17.7 21.2 Manomet Transformer load 27.2 MVA, 100%
OPEN 8952 0.5 4.1 of 27 MVA SCADA Alarm

13 W. Pond 117 CLOSE T1-13-71 9.6 9.6 12.9 12.9 13 99% of 13 MVA published SCADA Alarm
0.7 0.4

Marginally-acceptable voltages, 922 and 925
circuits, S. Plymouth - Cedarville

Valley Double-Ending Assumed Completed *

Valley Double-Ending Assumed Not Completed

* Peformance of 83 circuit, post contingency, not impacted by Valley Double-Ending Project
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
WEST POND  #116W TRANSFORMER OUTAGE CONTINGENCY 

 
GE 30/40/50 [56] MVA Transformer Bank 

 
 
Overload Ratings:  
 

Summer Normal   61 MVA 
Summer Emergency   67 MVA 

 
Winter Normal   69 MVA 
Winter Emergency   74 MVA 

 
Switching Actions: 
 
 

Open: Circuit Switcher B11672 
Main circuit breaker 116B72 

 
Close: West Pond 23kV bus tie breaker #T1-72* 
 * Tap changers must be in same position, and off. 

 
Results: 
 
  Reference Diagram P-16. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 

None 
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2003 T&D OPERATING STUDY 
PLYMOUTH DISTRICT 

 
WEST POND  #117E TRANSFORMER OUTAGE CONTINGENCY 

 
GE 30/40/50 [56] MVA Transformer Bank 

 
 
Overload Ratings:  
 

Summer Normal   60 MVA 
Summer Emergency   65 MVA 

 
Winter Normal   69 MVA 
Winter Emergency   74 MVA 

 
Switching Actions: 
 
 

Open: Circuit Switcher B11772 
Main circuit breaker 117B72 

 
Close: West Pond 23kV bus tie breaker #T1-72* 
 * Tap changers must be in same position, and off. 

 
Results: 
 
 
  Reference Diagram P-17. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 

None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    West Pond Substation
10 7.1 7.1 3915 12 W. Pond 117 CLOSE T1-932-935 18.0 18.2 25.2 25.4 13 #12 Line Flow 95% over 13 MVA SCADA

0.6 OPEN 1072 2.5 3.1 Alarm, and 69% over trip setting.
Both apply to 600:5 CT's that have been
replaced
Reverse flow through 935-2 recloser

11 1.6 1.6 1263 81 Tremont 113 CLOSE T1-11-81 4.0 4.0 5.7 5.7 14
0.3 OPEN 1172 -0.4 0.6

12 18.0 18.2 3900 14 W. Pond 116 CLOSE T1-932-935 19.0 19.1 28.8 28.8 22.4 #14 Line flow 29% over 22.4 MVA SCADA
OPEN 1272 Alarm, and at 100% of 28 MVA LTE for 336

2.5 OPEN 1220 * 1.7 0.6 ACSR conductor
10 W. Pond 116 CLOSE T1-12-911 7.1 7.1 15.4 15.4 13 #10 Line Flow 18% over 13 MVA SCADA

*New field Street 0.6 0.8 Alarm, just over 15 MVA Trip.  Check
if these limits are correct for upgraded CT's

13 9.5 9.5 1995 71 Manomet CLOSE T1-22-27 3.2 3.2 13.1 13.1 21.2
0.4 OPEN 1372 -0.5 0.6

14 19.2 19.2 4260 12 W. Pond 117 CLOSE T1-12-911 18.0 18.2 38.1 38.4 13 #12 Line Flow 195% over 13 MVA SCADA
-1.2 OPEN 1472 2.5 5.0 Alarm, and 156% over trip setting.

Both apply to 600:5 CT's that have been
replaced
West Pond #117 transformer load 48.4 MVA,
1% over 48 MVA SCADA Alarm Setting
Reverse flow through 911-2 recloser
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
FALMOUTH FPE (115E) TRANSFORMER OUTAGE CONTINGENCY 

 
Federal-Pacific Electric 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   57 MVA 
Summer Emergency   62 MVA 

 
Winter Normal   66 MVA 
Winter Emergency   70 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 11583 
Main circuit breaker 11582 

  Feeder Breaker #9832 
 

Close: Falmouth 23kV bus tie breaker #T1-2 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-98-98 (to Hatchville) 

 
    Capacitor Bank breakers 1158c and 1079c. 
 

Mirant’s Oak Bluffs Generation dispatched to 7.2 MW output, minimum.  7.2 MW of 
Mirant’s Martha’s Vineyard Generation must be dispatched to prevent overload and trip of 
Falmouth GE transformer bank. 

 
 
Results: 
 
  Reference Diagram CV-1. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

None 
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
FALMOUTH GE (107W) TRANSFORMER OUTAGE CONTINGENCY 

 
General Electric 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   56 MVA 
Summer Emergency   61 MVA 

 
Winter Normal   68 MVA 
Winter Emergency   72 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 10793 
Main circuit breaker 10792 

  Feeder Breaker #9832 
 

Close: Falmouth 23kV bus tie breaker #T1-2 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-98-98 (to Hatchville) 

 
    Capacitor Bank breakers 1158c  and 1079c. 
 

Mirant’s Oak Bluffs Generation dispatched to 4.8 MW output, minimum.  4.8 MW of 
Mirant’s Martha’s Vineyard Generation must be dispatched to prevent overload and trip of 
Falmouth GE transformer bank. 

 
 
Results: 
 
  Reference Diagram CV-2. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 

 
None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Falmouth Substation
76 8.9 8.9 2488 97 Falmouth FPE CLOSE T1-76-97 38.1 38.1 47.1 47.2 42 97 Ckt Flow 12% > 42 MVA SCADA Alarm

0.8 OPEN 7632 1.2 2.4 Dispatch M.V. Gen or sectionalize load 
Falmouth Hts. 461 Ckt. Onto 98 Line.

97 38.1 38.1 14092 76 Falmouth GE CLOSE T1-76-97 8.9 8.9 38.5 38.6 42
1.2 OPEN 9732 0.8 3.3

CLOSE T1-76-461
OPEN T1-76-76

98 Hatchville CLOSE T1-98-98 8.6 8.6 31.8 32.4 28 #98 Ckt Flow 16% > 28 MVA SCADA Alarm
OPEN 9832 0.9 6.1 Transfer Sandpoint / W. Falmouth area

to #78 line for add'l load relief.
98 13.2 13.3 5714 98 Hatchville CLOSE T1-98-98 8.6 8.6 22.0 22.2 28

1.6 OPEN 9832 0.9 3.2

Note:  Martha's Vineyard #91, #97, and #99 23kV submarine cable outage analyses shown in a separate table
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
HARWICH ASEA (119) TRANSFORMER OUTAGE CONTINGENCY 

 
ASEA 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   59 MVA 
Summer Emergency   65 MVA 

 
Winter Normal   70 MVA 
Winter Emergency   75 MVA 

 
 

Note:  Pre-Orleans #89 DSS Line Reconfiguration 
 
Switching Actions: 
 

Open: Circuit Switcher 11973 
Main circuit breaker 11972 

  Feeder Breaker #8932 
 

Close: Harwich 23kV bus tie breaker #T3-E-W 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-89-90 (to Hyannis) 

 
    Capacitor Bank breakers 1197c and 1187c. 
     
 
Results: 
 
  Reference Diagram CV-3. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
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Note:  POST-Orleans #89 DSS Line Reconfiguration 
 
 
Switching Actions: 
 

Open: Circuit Switcher 11973 
Main circuit breaker 11972 

  Feeder Breaker #8932 
 

Close: Harwich 23kV bus tie breaker #T3-E-W 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-89-90 (to Hyannis) 

 
    Capacitor Bank breakers 1197c  and 1187c. 
 
 
Results: 
 
 
  Reference Diagram CV-3A. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
 
Additional Actions Required: 
 
None
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
HARWICH McGRAW (118) TRANSFORMER OUTAGE CONTINGENCY 

 
McGraw-Edison 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   64 MVA 
Summer Emergency   70 MVA 

 
Winter Normal   76 MVA 
Winter Emergency   81 MVA 

 
Note:  Pre-Orleans #89 DSS Line Reconfiguration 
 
Switching Actions: 
 

Open: Circuit Switcher 11873 
Main circuit breaker 11872 

  Feeder Breaker #8932 
 

Close: Harwich 23kV bus tie breaker #T3-E-W 
 * Tap changers must be in same position, and off. 

  Tie Switch #T1-89-90 (to Hyannis) 
    Capacitor Bank breakers 1197c  and 1187c. 
     
Results: 
 
  Reference Diagram CV-4. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
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Note:  POST-Orleans #89 DSS Line Reconfiguration 
 
Switching Actions: 
 

Open: Circuit Switcher 11873 
Main circuit breaker 11872 

  Feeder Breaker #8932 
 

Close: Harwich 23kV bus tie breaker #T3-E-W 
 * Tap changers must be in same position, and off. 

  Tie Switch #T1-89-90 (to Hyannis) 
    Capacitor Bank breakers 1197c  and 1187c. 
     
Results: 
 
  Reference Diagram CV-4A. 
 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 

 
 
None 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Harwich Substation
89 14.3 14.4 9221 90 Hyannis CLOSE T1-89-90 6.4 6.5 21.0 21.4 32 Not affected by Orleans 89 reconfiguration

1.8 OPEN 8932 0.9 4.1

wich CLOSE T1-92-95 26.4 26.8 48.3 49.1 34 95 Ckt Flow 44% > 34 MVA Alarm, 23% >
4.0 OPEN 9232 4.8 8.9 40 MVA trip setting, 95% of 49 MVA LTE Rtg.

CLOSE 1197C Note:  Swap Chatham onto Orleans

95 26.4 26.8 13924 92 Harwich CLOSE T1-92-95 21.9 22.3 48.3 49.1 34 #92 Ckt Flow 44% > 34 MVA Alarm, 23% >
4.8 OPEN 9532 4.0 8.9 40 MVA Trip Setting, 100% of 49 MVA LTE Rtg

CLOSE 1187C Note:  Swap Chatham onto Orleans

85 11.9 12.0 4156 95 Harwich CLOSE T1-85-95 26.4 26.8 38.3 38.8 34 95 Ckt Flow 14% > 34 MVA SCADA Alarm
1.4 OPEN 8532 4.8 6.3 Note:  Swap Chatham onto Orleans

ch CLOSE T1-92-95 13.8 13.9 35.8 36.2 34 95 Ckt Flow 6% > 34 MVA Alarm
4.0 OPEN 9232 1.3 5.4

CLOSE 1197C

95 13.8 13.9 13924 92 Harwich CLOSE T1-92-95 21.9 22.3 35.7 36.1 34 95 Ckt Flow 6% > 34 MVA Alarm
1.3 OPEN 9532 4.0 5.4

CLOSE 1187C

85 11.9 12.0 4156 95 Harwich CLOSE T1-85-95 13.8 13.9 25.8 25.9 34
1.4 OPEN 8532 1.3 2.7

      92, 95, 85 DSS Contingencies, Pre Orleans 89 Reconfiguration
92 21.9 22.3 9899 95 Har

      92, 95, 85 DSS Contingencies, POST Orleans 89 Reconfiguration
92 21.9 22.3 11823 95 Harwi
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
HATCHVILLE TRANSFORMER OUTAGE CONTINGENCY 

 
MAGNETEK 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   59 MVA 
Summer Emergency   64 MVA 

 
Winter Normal   68 MVA 
Winter Emergency   72 MVA 

 
 
Switching Actions: 
 

Open: Circuit Switcher 11533 (at Hatchville) 
Main circuit breaker 11532 (at Hatchville) 

  Feeder Breaker #7712 (at Hatchville) 
  Feeder Breaker #9812 (at Hatchville) 
  Feeder Breaker #8152 (at Otis) 
  Switch 8896 (#88 Line ROW W. of Osterville Tap) 
 

Close: Tie Switch #T1-77-77 (to Mashpee) 
 Tie Switch #T1-88-88 (Mashpee to Hyannis) 
 Tie Switch #T1-81-81 (Otis to Sandwich) 
 Tie Switch #T1-98-98 (to Falmouth) 
 Tie Switch #T2-406-409 (ties #78 feeder to Otis #86 feeder) **** 
 

    Capacitor Bank breaker 1153c (at Hatchville) 
    Capacitor Bank breaker 1075c (at Otis) 
    Capacitor Bank breaker 1156c (at Mashpee) 
    Capacitor Bank breaker 1244c (at Hyannis GE #2) 
 
 
**** DO NOT USE the 79 / 78 DSS line tie switch #7872 at the Otis Air Base Sub to perform this transfer. 



PAGE 117 OF 167 

 

 
        
Results: 
 
 **** Load Transfer of 88 line to Hyannis must be performed FIRST. 
 
Load Transfer of #81 DSS line to Sandwich must be performed FIRST.  Hatchville 3 MVAR capacitor 
bank in-service, at end of line, for voltage control on tied 86 – 78 lines.  #409 Circuit recloser in Pocasset 
will see reverse power flow. 
 
*****Additional load relief for Hyannis GE#2, by transferring a portion of the #92 DSS line to Harwich, 
may be required. 
 
 
  Reference Diagrams CV-5 through CV-7. 
 
 

Loading  - Hyannis GE#2 transformer may experience heavy loading conditions, but 
will be within 98% of LTE rating.  Additional load transfer of a portion 
of the #92 DSS line to Harwich may be prudent: 

 
   Open:  Sw. #9209 (W. of 561 ckt. Tap) 
   Close:  T1-92-92 (Hyannis 92 line to Harwich) 
 
   The Otis 81 DSS line must be transferred to Sandwich BEFORE the 78 

line is transferred to Otis. 
 
   The Mashpee 88 switching to Hyannis must be conducted BEFORE the 

77 line is transferred to Mashpee. 
 
   All recommended station capacitors listed above (Hatchville, Otis, 

Mashpee, Hyannis) required for reactive flow mitigation through 
transformers.  Hatchville bank required for voltage drop mitigation on 
tied 78 – 86 circuits. 

 
Voltage  - No low voltage conditions identified. 

 
Additional Actions Required: 
 

Construct OAK STREET substation for 2003 Summer peak.  
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Hatchville Substation
77 10.1 10.2 4135 77 Mashpee CLOSE T1-77-77 7.7 7.8 18.2 18.4 34

1.2 OPEN 7712 1.1 2.6

88 Hyannis CLOSE T1-88-88 17.6 17.7 31.0 31.9 34 Hyannis GE#2 Transformer 98% of LTE Rtg.,
OPEN 9986 2.2 7.6 3% over 60 MVA Trip setting

Additional Switching to HARWICH req'd

78 10.4 10.5 5086 98 Falmouth GE CLOSE T1-78-89 13.2 13.3 24.1 24.5 33
1.3 OPEN 7812 1.6 4.2

98 8.6 8.6 5653 98 Falmouth GE CLOSE T1-98-98 13.2 13.3 22.1 22.4 33
0.9 OPEN 9812 1.6 3.5
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
HYANNIS GE #1 (#123) TRANSFORMER OUTAGE CONTINGENCY 

 
General Electric 45/65/75 [84] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   87 MVA 
Summer Emergency   95 MVA 

 
Winter Normal   99 MVA 
Winter Emergency   106 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 12343 
Main circuit breaker 12342 

  Feeder Breaker #9042 (at Hyannis) 
  Switch #9209 (92 line W. of 561 ckt. Tap) 
 

Close: Hyannis 23kV bus tie breaker #T1-E-W 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-89-90 (to Harwich McGraw) 

  Tie Switch #T1-92-92 (a portion of #92 line to Harwich McGraw) 
 
    Capacitor Bank breakers 1234c, 1244c, and 1187c 
 

Notice:  Transfers to Harwich of the #90 line and the portion of the #92 line must be accomplished 
BEFORE closing Hyannis bus tie breaker, or you will trip the other bank on overload. 
 
Additional load transfer of the #87 DSS line to Sandwich can be accomplished, at risk of 
overloading the underground cable getaway emanating Sandwich Substation: 
 
Open:  8712 breaker (at Hyannis) 
Close:  Tie Switch T1-87-87 (to Sandwich) 
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Results: 
 
Load in the Barnstable-Sandwich-Mashpee-Yarmouth area may have to be shed to respect transformer LTE 
limits.   Additional load transfer to Sandwich will reduce loading on remaining Hyannis bank, at risk of 
overloading underground cable getaway on Sandwich #87 DSS line.     Hyannis 23kV bus tie breaker T1-
E-W sees a flow of 32.0 MVA. 
 
Harwich McGraw (#118) transformer load increased from 36.2 MW / 37.3 MVA to 57.2 MW / 60.4 MVA. 
 
    
  Reference Diagram CV-8. 
 
 

Loading  - Hyannis GE #1 transformer may experience heavy loading conditions 
exceeding the 64 MVA LTE rating; additional load can be transferred to 
Sandwich, at risk of heavy loading condition on a short segment of 1250 
kcmil underground cable getaway emanating the station that may require 
an upgrade/reconductoring of the feeder section. 

 
Voltage  - No low voltage conditions were identified. 
 

Additional Actions Required: 
 
Construct Oak Street Substation prior to Summer 2003 load period.  This will permit transfer of 
87 and 88 lines to the new station, preventing overload of the Hyannis bank and negating the 
need to transfer two DSS lines to Harwich, subsequently avoiding the near-overload of that 
station as well. 
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
HYANNIS GE #2 (#124) TRANSFORMER OUTAGE CONTINGENCY 

 
General Electric 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   59 MVA 
Summer Emergency   64 MVA 

 
Winter Normal   68 MVA 
Winter Emergency   72 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 12443 
Main circuit breaker 12442 

  Feeder Breaker #9042 (at Hyannis) 
  Switch #9209 (92 line W. of 561 ckt. Tap) 
 

Close: Hyannis 23kV bus tie breaker #T1-E-W 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-89-90 (to Harwich McGraw) 
 Tie Switch #T1-92-92 (a portion of #92 line to Harwich McGraw) 

 
Capacitor Bank breakers 1234c, 1244c, and 1187c, as necessary for reactive power control 
through Hyannis and Harwich substation transformers. 

 
     
Results: 
 
  Reference Diagram CV-9. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 

 
Additional Actions Required: 

 
Construct Oak Street Substation prior to Summer 2003 load period. 

 



Sw. 9209 Open, 
T1-92-92 
Closed 

#9042 Breaker 
Open, T1-89-90 
Closed 

CV-9 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Hyannis Substation
87 19.0 19.1 2283 88 Hyannis GE2 CLOSE T1-87-88 17.6 17.7 37.4 38.3 34 #88 Ckt Flow 13% > 34 MVA SCADA Alarm

2.2 OPEN 8712 2.2 8.2

88 17.6 17.7 7296 87 Hyannis GE1 CLOSE T1-87-88 19.0 19.2 36.6 36.9 34 #87 Ckt Flow 9% > 34 MVA SCADA Alarm
2.2 OPEN 8812 2.9 4.5

90 6.4 6.5 3383 89 Harwich McG CLOSE T1-89-90 14.3 14.4 20.9 21.3 31
0.9 OPEN 9042 (?*) 1.8 4.1

92 28.2 29.1 11229 90 Hyannis GE1 CLOSE T2-90-92 6.4 6.5 20.9 21.3 32
7.3 OPEN 9212 BKR 0.9 4.0

OPEN 9209 SW
92 Harwich McG CLOSE T1-92-92 21.9 22.3 36.1 37.4 34 Harwich #92 Ckt Flow 10% > 34 MVA Alarm

4.0 9.7
93 17.6 17.7 4128 92 Hyannis GE2 CLOSE T1-92-93 28.2 29.1 33.0 34.4 34 Hyannis #92 Ckt Flow 100% of 34 MVA Alarm

2.1 OPEN 9312 BKR 7.3 9.7
92 Harwich McG OPEN 9209 SW 21.9 22.3 36.0 37.3 34 Harwich #92 Ckt Flow 10% > 34 MVA

CLOSE T1-92-92 4.0 9.7 SCADA Alarm
* Cape Switching Plan may have incorrect breaker number
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
MASHPEE TRANSFORMER OUTAGE CONTINGENCY 

 
Moloney 20/26/33 MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   35 MVA 
Summer Emergency   38 MVA 

 
Winter Normal   42 MVA 
Winter Emergency   45 MVA 

 

Switching Actions (Summer Peak Load, All-Lines-In Condition): 
 
 Open: Switch #8896 (#88 Line W. of Osterville Tap) 
  
 Close: Tie Switch #T1-88-88 (portion of #88 line to Hyannis) 
 
Switching to be performed prior to occurrence of Summer peak loading conditions, to prevent 
Mashpee transformer from exceeding 35 MVA normal Summer rating. 
 
At forecasted load levels, this switching may cause the Hyannis GE#2 transformer to exceed 
SCADA alarm and trip settings.  If this occurs, a transfer of a portion of the #92 DSS line to 
Harwich is then recommended: 
 
 Open: Switch #9209 (#92 Line W. of  #561 Ckt. Tap) 
  
 Close: Tie Switch #T1-92-92 (portion of #92 line to Harwich McGraw) 
 

 
Switching Actions (Contingency Outage): 
 

Open: Circuit Switcher 11563 
Main circuit breaker 11562 

  Switch #8896 (#88 Line W. of Osterville Tap) * 
  Feeder Breaker #9812 (at Hatchville) 
  Switch #9209 (Hyannis to Harwich #92 DSS line) ** 
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Close: Tie Switch #T1-77-77 (tie through Mashpee bus to Hatchville #77 line) 
 Tie Switch #T1-88-88 (portion of #88 line to Hyannis) * 
 Tie Switch #T1-98-98 (transfers #98 line from Hatchville to Falmouth) 
 Tie Switch #T1-92-92 (transfers portion of #92 line, Hyannis to Harwich) ** 

 
Capacitor Bank breakers 1156c, 1244c. 
 

* Post contingency of Mashpee transformer, the identified switching actions would already have 
been performed during Summer peak loading conditions. 
 
** The transfer of the #92 DSS line to Harwich must be accomplished before the transfer of the #88 
DSS line from Mashpee to Hyannis, to prevent tripping Hyannis GE#2 transformer due to its 60 
MVA trip setting. 
 
     
Results: 
 
  Reference Diagram CV-10, CV-11, and CV-12. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 

 
Construct Oak Street Substation prior to Summer 2003 load period. 
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CV-10 

88 Line: 
T1-88-88 Closed, 
Sw. #8896 Opened 

Mashpee Xfmr O/S; 
Leave feeder 
breakers 8862 and 
7762 closed, close 
capacitor breaker 
115c6 

77 Line: 
T1-77-77 closed 
for Hatchville 
to back up 88 
Line through 
Mashpee bus 

Hatchville Xfmr and 
#77 Line exceeding 
SCADA Alarm Limit 
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CV-11
 

T1-98-98 Closed; 
Breaker 9812 Open 
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CV-12

T1-92-92 
Closed, Sw. 
9209 Open. 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Mashpee Substation
77 7.7 7.8 3056 77 Hatchville CLOSE T1-77-77 10.1 10.2 18.1 18.4 28

1.1 OPEN 7762 1.1 3.1

88 28.2 28.6 13625 88 Hyannis GE2 CLOSE T1-88-88 17.7 18.0 31.1 32.0 34 Note:  The entire 88 line cannot be backed up
5.0 OPEN 8862 3.1 7.7 from Hyannis.  Split the circuit by opening

OPEN 8896 switch #8896 W. of Osterville Tap.  Feed the
77 Mashpee CLOSE T1-77-88 7.7 7.8 22.9 23.1 34 remainder from the Mashpee 77 line.

1.1 3.2
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
ORLEANS WAUKESHA (#118) TRANSFORMER OUTAGE CONTINGENCY 

 
WAUKESHA 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   59 MVA 
Summer Emergency   65 MVA 

 
Winter Normal   70 MVA 
Winter Emergency   75 MVA 

Switching Actions: 
 

Open: Circuit Switcher 11843 
Main circuit breaker 11842 

 
Close: Orleans 23kV bus tie breaker #T1-254 
 * Tap changers must be in same position, and off. 

 
    Capacitor Bank breakers 1184c and 1194c, as needed. 
     
Results: 
 
  Reference Diagram CV-13. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 

 
None 
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Orleans 118 
Xfmr O/S; 
bus tie 
breaker 
closed 

CV-13 
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
ORLEANS A-C (#119) TRANSFORMER OUTAGE CONTINGENCY 

 
Alllis Chalmers 20/26/33 MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   43 MVA 
Summer Emergency   47 MVA 

 
Winter Normal   49 MVA 
Winter Emergency   53 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 11943 
Main circuit breaker 11942 

 
Close: Orleans 23kV bus tie breaker #T1-254 
 * Tap changers must be in same position, and off. 

 
    Capacitor Bank breakers 1184c and 1194c, as needed. 
     
Results: 
 
  Reference Diagram CV-14. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 
None.
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Orleans #119 
Xfmr O/S, 
Bus Tie 
Breaker 
Closed 

CV-14 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Orleans Substation

89 12.4 12.5 5000 (estimate) 89 Harwich CLOSE T1-89-89 6.4 6.5 27.3 28.1 31
1.7 OPEN 8952 0.9 6.7

95 17.5 17.7 10871 95 Harwich CLOSE T1-95-95 26.4 26.8 46.7 51.3 34 Harwich #95 flow 51% > 34 MVA Alarm, 28%
2.3 OPEN 9552 4.8 21.3 > 40 MVA trip, 5% > 49 MVA LTE rating of

795 ACSR conductor, Harwich ASEA Xfmr
flow 66.3 MVA, 10% over 60 MVA Alarm

95 17.4 17.7 5871 (estimate) 95 Harwich CLOSE T1-95-95* 13.8 13.9 31.7 32.5 34
3.2 OPEN 9552 1.3 7

*Tie switch relocated post reconfig.

82 CLOSE T1-77-77 0.0 0.0 4.4 4.4 ?
0.5 OPEN 8252 0 0.5

94 13.9 13.9 4475 94 Wellfleet CLOSE T1-77-77 10.3 10.3 24.9 24.9 30
0.8 OPEN 9452 0.7 0.7

94 13.9 13.9 4475 94 Wellfleet CLOSE T1-77-77 10.3 10.3 24.9 24.9 30 Post DSS Line Swap at Wellfleet, GE XFMR
0.8 OPEN 9452 0.7 0.5 load will be 25.9 MVA, 4% over 25 MVA LTE

rating.

#89 Circuit is New DSS line to be formed off of #95 line

#95 Line, PRE-#89 Line Addition

#95 Line, POST-#89 Line Addition

#82 Circuit feeds Orleans Local Sub (#950, #951, #952 4kV Circuits)
4.4 4.4 1986 82 Orleans

#94 Line, Pre-Wellfleet Swap

#94 Line, POST-Wellfleet Swap
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
OTIS TRANSFORMER OUTAGE CONTINGENCY 

 
Alllis Chalmers 20/26/33 MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   43 MVA 
Summer Emergency   47 MVA 

 
Winter Normal   49 MVA 
Winter Emergency   53 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 10753 
Main circuit breaker 10752 

  Feeder Breaker #8152 
  Feeder Breaker #7952 
  Feeder Breaker #8652 
 
  Close: Tie Switch #T1-81-81 (to Sandwich) 
    Tie Switch #T2-406-409 (ties #86 line to Hatchville #78 line) 
    Switch 7872 * at Otis Air Base Sub (to Hatchville #78 line) 
 
    Capacitor bank breakers 1153c and 1221c, as required. 
 
* This is an automatic transfer switch.  DO NOT use this to pick up Otis #86 line by backfeeding through 
the Otis bus, you will overload 6.8 miles of 1/0 copperweld conductor on #79 line). 
     
Results: 
 
  Reference Diagram CV-15. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
 
Additional Actions Required: 
 

Construction of Oak Street Substation by Summer 2003 will alleviate the heavy 
loading conditions on both Sandwich and Mashpee.
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CV-15 
 

T1-81-81 
closed 

Otis AFB 
auto-
transfer 
closed 

Otis Xfmr O/S, all feeder 
breakers opened T1-406-4
SCADA Alarm 
Limit 
exceeded by 
13% 
09 closed 
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Otis Substation
79 4.6 4.6 3 78 Hatchville CLOSE 7872 ** 10.4 10.5 15.0 15.1 28

0.5 OPEN 7952 1.3 1.9
** This is an automatic throw-over at Otis AFB 23kV Substation; Need to verify backfeed to serve National Cemetery

81 6.5 6.6 2006 81 Sandwich CLOSE T1-81-81 10.1 10.2 16.7 16.9 25
0.9 OPEN 8152 1.4 2.5

86 10.4 10.5 4425 78 Hatchville * CLOSE T2-406-409 10.4 10.5 21.4 21.9 28
1.2 OPEN 8652 1.3 4.7

*Recloser on #406 Circuit will see reverse flow.
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
SANDWICH TRANSFORMER OUTAGE CONTINGENCY 

 
MAGNETEK 30/40/50 [56] MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   59 MVA 
Summer Emergency   64 MVA 

 
Winter Normal   68 MVA 
Winter Emergency   72 MVA 

 
Switching Actions: 
 

Open: Circuit Switcher 12213 
Main circuit breaker 12232 

  Feeder Breaker #8162 (at Sandwich) 
  Feeder Breaker #8762 (at Sandwich) 
 

Close: Tie Switch #T1-81-81 (to Otis) 
 Tie Switch #T1-87-87 (to Hyannis GE #1) 
 Auto-transfer Switch #7872 at Otis A.F.B. * 

 
    Capacitor Bank breakers 1234c, 1075c as required. 
     
* Roughly 0.2 MW of load at the National Cemetery will still be on the Otis #79 feeder after load transfer 
of AFB to #78 line. 
 
Results: 
 
 
  Reference Diagram CV-16. 
 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 

 
Construction of new Oak Street substation will alleviate the heavy loading concern on #87 DSS 
line. 
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CV-16 17% over SCADA 
Alarm 

 

T1-87-87 
Closed 

Sandwich Xfmr O/S; 
Feeder breakers 
8162, 8762 open 
T1-81-81 
Closed; 
Switch 7872 
Closed
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Sandwich Substation
81 10.1 10.2 3881 81 Otis CLOSE T1-81-81 6.5 6.6 17.0 17.3 22

1.4 OPEN 8162 0.9 3.4
Swap 79 to Hatchville 78 78 Hatchville OPEN 7952 10.4 10.5 15.0 15.1 28

CLOSE 7872 ** 1.3 1.9

** This is an automatic throw-over at Otis AFB 23kV Substation; Need to verify backfeed to serve National Cemetery

87 19.0 19.2 8611 87 Hyannis GE CLOSE T1-81-81 19.0 19.1 38.8 39.8 34 #87 Ckt Flow 17% > 34 MVA SCADA Alarm
2.9 OPEN 8762 2.2 8.8 Trip setting is 40 MVA
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
WELLFLEET GE (#1) TRANSFORMER OUTAGE CONTINGENCY 

 
General Electric 12/16/20 MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   22 MVA 
Summer Emergency   25 MVA 

 
Winter Normal   25 MVA 
Winter Emergency   27 MVA 

 

 
The Wellfleet Moloney bank now feeds the #96 line and the GE bank feeds the #94 line.  The 
contingency is again taken on the GE bank: 
 
Switching Actions: 
 

Open: Circuit Switcher 12553 
Main circuit breaker 12552 

  Feeder Breaker #9462 
 

Close: Wellfleet 23kV bus tie breaker #T1-N-S 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-94-94 (to Orleans) 

 
    Capacitor Bank breakers 1255C and 1256c, as needed. 
     
Results: 
 
 
  Reference Diagram CV-18. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 
 None.
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GE 146 OF 167 CV-17 
Open #9462 Breaker 
at Wellfleet, 
Close T1-94-94 

 

Wellfleet 
GE Xfmr 
O/S, Bus 
Tie Closed 



 

NEW DSS LINE CONFIGURATION 

Open #9462 Breaker at 
Wellfleet, Close T1-
94-94 

Wellfleet GE 
Xfmr O/S; 
Bus Tie 
Breaker 
Closed 
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2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 
WELLFLEET MOLONEY (#2) TRANSFORMER OUTAGE CONTINGENCY 

 
Moloney 16/21/26 MVA Transformer Bank 

 
Overload Ratings:  
 

Summer Normal   28 MVA 
Summer Emergency   31 MVA 

 
Winter Normal   33 MVA 
Winter Emergency   35 MVA 

 
The Wellfleet Moloney bank now feeds the #96 line and the GE bank feeds the #94 line.  The 
contingency is again taken on the Moloney bank: 
 
Switching Actions: 
 

Open: Circuit Switcher 12563 
Main circuit breaker 12562 

  Feeder Breaker #9462 
 

Close: Wellfleet 23kV bus tie breaker #T1-N-S 
 * Tap changers must be in same position, and off. 
 
 Tie Switch #T1-94-94 (to Orleans) 

 
    Capacitor Bank breakers 1255C and 1256c, as needed. 
 
Results: 
 
 
  Reference Diagram CV-20. 
 
 Loading  No heavy loading conditions were identified. 
 
 Voltage  No low voltage conditions were identified. 
 
Additional Actions Required: 
 
None. 
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#9462 Breaker 
Open, Tie Switch 
T1-94-94 Closed 

CV-19 
Wellfleet 
Moloney O/S; 
Tie Breaker 
Closed 



P

 

#9462 Breaker Open, 
Tie Switch #T1-94-94 
Closed 

NEW DSS LINE CONFIGURATION AGE 150 OF 167 

CV-20 
Wellfleet 
Moloney Xfmr 
O/S; 
Tie Breaker 
Closed
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To XFMR #1
GE 12/16/20

To XFMR #2
Moloney 16/21/26

9464

9429

9626
9658
N.O.

9656

9669

9667

9629

T1-94-96

9468
N.O.

9665

9662

9664

9668
N.O. 9462

WO #01201901 & 01201905
ONE LINE DIAGRAM –

EXISTING CONDITIONS
LINES 94 & 96 – WELLFLEET BULK SUB

C. J. Colantuone
Distribution Engineer
03/15/02

Wellfleet Bulk Sub

To Truro Reg’s &
P’town East & West

To Wellfleet Sub

To No. Eastham Sub
& Orleans Bulk Sub
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To XFMR #1
GE 12/16/20

To XFMR #2
Moloney 16/21/26

64

9429

9656

9669

9667

9629

T1-94-96

68
O.

65

62

64

68
O. 62

WO #01201901 & 01201905
ONE LINE DIAGRAM  –

CONDITIONS UPON WORK ORDERS’
COMPLETION

LINES 94 & 96 – WELLFLEET BULK SUB

C. J. Colantuone
Distribution Engineer
03/15/02

Wellfleet Bulk Sub

To Truro Reg’s &
P’town East & West

To Wellfleet Sub

To No. Eastham Sub
& Orleans Bulk Sub

9626

96

T1-96-677
N.O.

96
N.

94

94

94

94
N. 96

R

New Cir 677
Wellfleet

NEW
T2-94-96
N.O.

Note:
New Circuit 677 Wellfleet:
3285kVA Connected
Largest Fuse Size: 40T
25kV 3/0AL Main Line
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  BULK SUBSTATION DSS LINE SINGLE-CONTINGENCY ANALYSIS

   *  Coincident Feeder peaks at Forecasted Summer 2002 District Peaks
   *  Switching Sequences and Effects of Load Transfer Under Coincident Peak Conditions

   COINCIDENT         BACKUP CKT. LOAD SCADA
CIRCUIT    PEAK LOAD NUMBER   BACKUP   BACKUP SWITCHING   (BEFORE)        (AFTER) ALARM       PROBLEM AREAS
NUMBER (MW) (MVA) CUSTOMERS   CIRCUIT   STATION ACTIONS (MW) (MVA) (MW) (MVA) (MVA)

    Wellfleet Substation

96 20.3 20.8 9861 94 Wellfleet CLOSE T1-84-96 10.3 10.3 30.8 30.8 30 #94 Circuit Flow 1% > 30 MVA SCADA Alarm
4.6 OPEN 9662 0.7 0.2 Wellfleet GE Transformrer 99% of 31 MVA LTE

Both Wellfleet 3 MVAR caps in service
94 10.3 10.3 4936 94 Orleans CLOSE T1-94-94 13.9 13.9 24.3 24.4 28 Orleans AC 3 MVAR cap in service

0.7 OPEN 9462 0.8 2.2

96 20.3 20.8 9861 94 Wellfleet CLOSE T1-84-96 10.3 10.3 20.4 20.4 30 One Wellfleet 3 MVAR cap in service
4.6 OPEN 9662 0.7 0.7

94 Orleans CLOSE T1-94-94 13.9 13.9 24.3 24.4 28 Orleans AC 3 MVAR cap in service
OPEN 9462 0.8 2.2

94 10.3 10.3 4936 94 Orleans CLOSE T1-94-94 13.9 13.9 24.2 24.2 28 Orleans AC 3 MVAR cap in service
0.7 OPEN 9462 0.8 1.5

Pre-Swap of #94 and #96 DSS Lines

POST-Swap of #94 and #96 DSS Lines



 

2003 T&D OPERATING STUDY 
CAPE & VINEYARD DISTRICT 

 

MARTHA’S VINEYARD 23kV SUBMARINE CABLE OUTAGE CONTINGENCIES 
 

Overload Ratings: 
 
#91 Cable, Elm Road x West Chop * 
 
250 kcmil Submarine Type Cable 
 

Summer Normal   17 MVA 
Summer Emergency   18.4 MVA 

 
Winter Normal   17 MVA 
Winter Emergency   19.7 MVA 

 

#97 Cable, Elm Road x West Chop * 
 
350 kcmil Submarine Type Cable 
 

Summer Normal   17 MVA 
Summer Emergency   18.4 MVA 

 
Winter Normal   17 MVA 
Winter Emergency   19.7 MVA 

 

* A single-contingency outage of the Falmouth-Elm Rd. #97 line takes both cables O/S. 
 

#99 Cable, Falmouth x Oak Bluffs  
 
350 kcmil Land (Falmouth Sub. to Shore St.) and Submarine (Shore St. to Oak Bluffs) Type Cable 
*Winter ratings not listed in SCADA Alarm book, same as Summer assumed. 
 

Summer Normal   17 MVA 
Summer Emergency   19.7 MVA 

 
Winter Normal   17 MVA* 
Winter Emergency   19.7 MVA* 

 

#75 Cable, Falmouth x Oak Bluffs  
 
350 kcmil Submarine Type Cable, normally energized from Oak Bluffs to an open elbow at Shore St. / 
Clinton Street manhole, Falmouth, but carrying no load.  Derated to 8 MVA due to cable defects. 
 

Summer Normal   8 MVA 
 

 



 

Summer Emergency   8 MVA 
   Winter Normal   8 MVA 

Winter Emergency   8 MVA 
 
 NORMAL OPERATION WITH ALL THREE CABLES IN SERVICE 
 
 

Diagram #CV-21 shows normal power flows for Martha's Vineyard with existing 3- cables 
(91, 97 and 99 cables) on the Island with existing switching configuration.  This diagram 
reflects Summer 2003 forecasted loading conditions of 35 MW. 
 
Diagram #CV-22 shows normal power flows for Martha’s Vineyard, with the existing 
switching configuration, but reflecting Summer 2001 actual loading conditions of 
approximately 42 MW. 
 
In either case, the existing switching configuration has the three 23kV submarine cables 
feeding the following Island load areas: 

 
Preferred Configuration: 

 
  99 CABLE: ( feeds ) 
 

 Oak Bluffs Dist Sub (#124 Ckt ) 
 Martha’s Vineyard Hospital (Ckt #221) 
 Katama (Ckt #123) 
 97B (Edgar Town-V.Haven Rd) 
 97E Line and Ckt #224 
 Circuit #223. 

 
97 CABLE: ( feeds ) 

 
 Vineyard Haven Distribution Sub. (#121 & #122 Ckts ) 
 Doger’s Hole and State Forest Rd load) 
 Circuit #225 
 Edgartown Distribution Sub and Circuit #123 
 Mirant’s Oak Bluffs Generation (8.1 MW) * 

 
91 CABLE: ( feeds ) 

 
 #222 Ckt (Cove Road) 
 91 Distribution load on County Road 
 226 and 220 Circuits on South Road 
 Chilmark (Bettlebung) Distribution Sub (#126 Ckt ) 
 Load on Edgartown-W.Tisbury Road 
 5Mirant’s West Tisbury Generation (5.4 MW) * 

 

 



 

 
*Note:  Total Vineyard Generation = 13.5 MW, of which 10 MW is FIRM per contract 

with Mirant.  Contract expires 2008. 
 
 

 

 



 

 

Martha’s Vine
Base Case at 
MW Forecasted
Load Level 
CV-21
 

yard 
35 
 



 

 

 

Martha’s Vineyard 
Base Case at 42 MW 
Summer 2001 actual 
load level 

CV-22



 

 
Results: Including SWITCHING SEQUENCE AND LOAD FLOW FOR EACH CABLE 
OUTAGE 

 
 
Single-Contingency 23kV Submarine Cable Outages: 
 
 
 
At Forecasted 35 MW Load Level: 
 

 
91 cable outage conditions: Open  Switch #9186 at Elm Rd 
       (Load flow # CV-23) Open Switch #9157 at W. Chop 
  Open  Breaker #9722 at Vineyard Haven 

Close Switch #T1-91-97 at Vineyard Haven. 
Close Switch #T1-97-99 at Doger’s Hole 
0.0 MW Generation at West Tisbury 
2.4 MW Generation at Oak Bluffs 

 
   #97 Cable Flow:  17.7 MW / 17.8 MVA 
   #99 Cable Flow: 15.9 MW / 15.9 MVA 
 
 

97 Cable outage condition: Open Switch #9786 at Elm Rd 
        (Load flow # CV-24) Open Switch #9757 at W. Chop 
  Open Breaker #9722 at Vineyard Haven.  

Close Switch #T1-91-97 at Vineyard Hvn. 
Close Switch #T1-97-99 at Doger’s Hole 
0.0 MW Generation at West Tisbury 
2.4 MW Generation at Oak Bluffs 

 
   #91 Cable Flow: 17.8 MW / 18.1 MVA 
   #99 Cable Flow: 15.8 MW / 15.9 MVA 
 
 

99 Cable outage condition: Open #9932 Breaker at Falmouth 
        (Load flow # CV-25) Open Switch #9945 at Oak Bluffs 
  Open Switch #9704 at Vineyard Haven 

Close T1-91-97 Switch at Vineyard Haven 
Close Switch #T1-97-99 at Doger’s Hole 
0.0 MW Generation at West Tisbury 
5.7 MW Generation at Oak Bluffs 

 
   #91 Cable Flow: 13.5 MW / 13.9 MVA 
 

 



 

   #97 Cable Flow: 16.9 MW / 17.9 MVA 
 

 
 
 
 

Single-Contingency 23kV Submarine Cable Outages: 
 
 
 
At Actual 2001 42 MW Load Level: 
 

91 cable outage conditions: Open  Switch #9186 at Elm Rd 
       (Load flow # CV-26) Open Switch #9157 at W. Chop 
  Close Switch #T1-91-97 at Vineyard Haven. 

2.5 MW Generation at West Tisbury 
8.1 MW Generation at Oak Bluffs 

 
   #97 Cable Flow:  18.3 MW / 18.3 MVA 
   #99 Cable Flow: 16.4 MW / 16.7 MVA 
 

There may be low voltage conditions within the 
Katama area. 

 
97 Cable outage condition: Open Switch #9786 at Elm Rd 
        (Load flow # CV-27)  Open Switch #9757 at W. Chop 
  Close Switch #T1-91-97 at Vineyard Hvn.  

2.5 MW Generation at West Tisbury 
8.1 MW Generation at Oak Bluffs 

 
   #91 Cable Flow: 18.3 MW / 18.5 MVA 
   #99 Cable Flow: 16.4 MW / 16.7 MVA 
 
   Low voltages ~0.94 per unit Katama area 
 

99 Cable outage condition: Open #9932 Breaker at Falmouth 
        (Load flow # CV-28) Open #9945 Switch at Oak Bluffs 
  Close T1-97-99 at Doger’s Hole 
  Open #9977 Switch State Forest 97 Line 
  Close T2-91-97 at State Forest Tap 
  Close T3-97-99 between #123 and #223 taps. 
  Open Switch #9951 
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8.1 MW Generation at Oak Bluffs 

 
 

 



 

   #91 Cable Flow: 14.2 MW / 14.3 MVA 
   #97 Cable Flow: 17.7 MW / 18.1 MVA 
 

There may be low voltage conditions within the 
Katama area. 
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